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ABSTRACT 
The underperformance of minoritized students in public school science as measured by 
standardized exams and the underrepresentation of minoritized students in science-related 
careers is well documented. Currently, most of the nation’s children under 5 are members of 
minoritized groups and for the first time in U.S. public school history, the majority of students in 
public schools is largely composed of Black, Hispanic, and Asian students. In an effort to 
improve the performance of minoritized students, teachers need to understand their students’ 
cultures and how these cultures play a role in teaching and learning. Science teachers are 
responsible for helping their students understand scientific ways of thinking, which can be 
accomplished by reconsidering science as a culture and making this culture an explicit part of 
science teaching including nature of science. This qualitative research study used a 
phenomenographic approach to identify the understandings of nature of science and culturally 
relevant pedagogy held by 10 urban, secondary science teachers in a large metropolitan city in 
the U.S. Southeast. The data were drawn from analysis of transcripts of semi-structured 
interviews as well as responses to the Views of Nature of Science questionnaire. Participants 
communicated understandings of culturally relevant pedagogy that ranged from assimilationist 
understandings to informed understandings in various aspects. Additionally, participants 
communicated understandings of the NOS aspects that ranged from naïve to informed. Based on 
the responses of the participants, there were some relationships between their understanding of 
CRP and NOS. The nature of the relationships between science teachers’ beliefs about the 
classroom social environment and their beliefs about the subjective NOS as well as the role of 
social and cultural influences on science and the development of scientific knowledge should be 
explored further. New relationships could be helpful in developing a framework for culturally 
relevant science teaching. This study provided evidence that this group of urban, secondary 
science teachers lack knowledge of relevant NOS aspects for K‒12 learners as well as CRP as a 
pedagogical framework. Knowledge of both, with professional development focused on 
pedagogy, may translate into classroom practice and ultimately improve science education for 
minoritized students.  
INDEX WORDS: Nature of science, Culturally relevant pedagogy, Understanding, 
Secondary, Science teacher, Phenomenography, Urban contexts 
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CHAPTER 1 
INTRODUCTION 
In 2017, the U.S. Department of Education released the results of the 2015 National 
Assessment of Educational Progress of students in Grades 4, 8, and 12 in the United States who 
were tested in science. The science assessment was designed to measure students’ knowledge of 
physical, life, Earth, and space sciences as well as scientific practices such as identifying science 
principles, using science principles, using scientific inquiry, and using technological design 
(National Center for Education Statistics, 2017). The results of this assessment showed that 
White students scored significantly higher than Black students, Hispanic students, and Asian 
students (National Center for Education Statistics, 2017). The test score gap between Black 
students and White students was 33 points for fourth graders, 34 points for eighth graders, and 36 
points for 12th graders. For Hispanics, the gap was 27 points for fourth graders, 26 points for 
eighth graders, and 24 points for 12th graders (National Center for Education Statistics, 2017).  
These test scores can also be compared internationally. In 2017, the results of the 2015 
Program in International Student Assessment of 15-year-old students around the world who were 
tested in science were released (National Center for Education Statistics, 2017). The science 
assessment was designed to measure scientific literacy in (a) scientific knowledge or concepts, 
(b) scientific processes, and (c) situations and context. White students and Asian students scored 
significantly higher than the U.S. average, and higher than Black and Hispanic students did. The 
gap between Black and White students was 98 points. The gap between White and Hispanic 
students was 61 points.  
From these statistics alone, it is clear that minoritized students in public schools do not 
score well on standardized exams in science both at the national and international levels. Upon 
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leaving public schools, minoritized groups are least likely to pursue careers in science despite 
being the fastest growing segment of the population in the United States (Palmer, Maramba, & 
Dancy, 2011). Many minority students express interest in science fields prior to college, but the 
number of minority students who go on to finish these science majors is considerably smaller 
(National Center for Education Statistics, 2017). In 2004, over 76% of White freshman who 
intended to major in a STEM field ultimately graduated with a STEM degree, while only 57% of 
African Americans and Hispanics graduated with a STEM degree (National Science Foundation, 
2007). The underrepresentation of minorities in science is an undisputed fact in America 
(Kendricks, Nedunuri, & Arment, 2013; Owens, Shelton, Bloom, & Kenyatta Cavil, 2012; 
Palmer et al., 2011). In spite of this fact, minority populations are projected to comprise at least 
50% of the total U.S. population by the year 2050. Currently, most of the nation’s children under 
5 are members of minority groups, indicating that Whites will no longer be in the majority 
(Morello & Mellnick, 2012). The American Association for the Advancement of Science (1990) 
reported that,  
Education has no higher purpose than preparing people to lead personally fulfilling and 
responsible lives…The world has changed in such a way that scientific literacy has 
become necessary for everyone, not just a privileged few: science education will have to 
change to make that possible. (pp. xiii‒xvi) 
 
However, considering the underperformance of minoritized students in public school science on 
national and international assessments and the underrepresentation of minoritized students in 
science fields, the purpose of science education is not being fulfilled.  
Statement of the Problem 
The persistent achievement gap in science education that separates students by race, 
ethnicity, and social class is obviously a major problem (Anderson, 2007). However, failure to 
address the achievement gap adequately is even more of a problem. The standards and guidelines 
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for science education in America (National Science Education Standards and Science for all 
Americans) are largely silent about issues of class, gender, and ethnicity that influence science 
teaching and learning (Mutegi, 2011; Rodriguez, 1997). Mutegi (2011) and Rodriguez (1997) 
argued that that National Science Education Standards and Science for all Americans are lacking 
equity principles that should guide the documents and lead to radically transforming schools for 
students who perform poorly in science. The Next Generation Science Standards (National 
Research Council, 2013), the foundation of the new Georgia Standards of Excellence for 
Science, has also been criticized concerning its handling of race and ethnicity in science 
education. Parsons and Dorsey (2015) noted that the Next Generation Science Standards do 
consider student diversity in light of the changing demographics in public schools; however, they 
noted that the Next Generation Science Standards offer a colorblind blueprint for addressing the 
issues of race and ethnicity in science education. The problem with a colorblind approach in 
science education is that it fails to recognize that cultural differences may influence the learning 
process because a lack of understanding of different cultures in a classroom can lead to cultural 
conflict and to the silencing of students of the non-dominant culture (Ladson-Billings, 2000; 
Parsons & Dorsey, 2015).  
For the first time in U.S. public school history, the majority of students in public schools 
are Black, Hispanic, and Asian students (Badger, 2014). These students fully deserve the chance 
to experience academic success, especially in science. In order for these students to experience 
academic success, Ladson-Billings (1995a) argued that teachers need to understand their 
students’ cultures and how these cultures play a role in teaching and learning. Ladson-Billings 
(1995a) argued for a culturally relevant pedagogical framework that could bridge the different 
cultures in the classroom with classroom instruction. Ladson-Billings (1995a, 1995/b) posited 
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that culturally relevant pedagogy includes three specific tenets: (a) students must experience 
academic success, (b) students must develop and/or maintain cultural competence, and (c) 
students must develop a critical consciousness through which they challenge the status quo. It is 
important to note that Paris (2012) offered a new term for this theoretical framework, culturally 
sustaining pedagogy, which Ladson-Billings (2014) embraced by acknowledging that culture is 
fluid and that culturally sustaining pedagogy allows for this fluid understanding of culture that 
embraces the past, present and future, and a teaching practice that explicitly engages questions of 
equity and justice. Gay (2000) offered a different but very similar concept that is called culturally 
responsive pedagogy which she defines as using the cultural knowledge, prior experiences, 
frames of reference, and performance styles of ethnically diverse students to make learning more 
relevant to and effective for them; it teaches to and through strengths of these students. It is 
culturally “validating, comprehensive, multidimensional, empowering, transformative, and 
emancipatory” (Gay, 2000, p. 29). Furthermore, Gay reported that CRP has the following 
characteristics:  
1. It acknowledges the legitimacy of the cultural heritages of different ethnic groups, 
both as legacies that affect students’ dispositions, attitudes, and approaches to 
learning and as worthy content to be taught in the formal curriculum.  
2. It builds bridges of meaningfulness between home and school experiences as well as 
between academic abstractions and lived sociocultural realities.  
3. It uses a wide variety of instructional strategies that are connected to different 
learning styles.  
4. It teaches students to know and praise their own and each other’s cultural heritages.  
5. It incorporates multicultural information, resources, and materials in all the subjects 
and skills routinely taught in schools. (p. 29) 
In addition to understanding the cultures in the classroom, science teachers are also 
responsible for helping their students understanding scientific ways of thinking. This can be 
accomplished by reconsidering science as a culture and making this culture an explicit part of 
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science teaching (Settlage & Southerland, 2012). Nature of science (NOS) is central to the 
culture of science and refers to the epistemology of science—science as a way of knowing, or the 
values and beliefs inherent to scientific knowledge (Lederman, 1992). Lederman (1992) stated 
that, “To study science without an understanding of the nature of science is to become familiar 
with the surface features of that culture but to never fully understand, be comfortable with, or be 
able to work within the culture of science” (p. 33). In addition to NOS being instrumental in 
developing scientific literacy (Driver, Leach, Millar, & Scott, 1996), explicit instruction in NOS 
directly challenges the status quo by challenging the authoritative role of science in Western 
culture (Meyer & Crawford, 2011). In that vein, explicit NOS instruction can be considered a 
culturally relevant teaching practice that has the potential to decrease access issues and promote 
a more equitable science education for minoritized students.  
The choice to study urban science teachers’ understanding of NOS and CRP stemmed 
from the unique challenges they face in the classroom as compared to their counterparts in 
suburban and rural contexts. Specifically, urban schoolteachers must meet the emotional and 
instructional needs of their students as well as deal with increasing language and cultural barriers 
in urban public schools. Urban public schools are plagued with issues of overcrowding, high 
turnover rates of teaching faculty, limited resources, and a greater number of students 
categorized as at-risk of failing classes and dropping out of school (Darling-Hammond, 2010; 
Noguera, 2003; Tredway, 1999). In addition to the demands placed on planning, a gap between 
the backgrounds of the students and teachers exists that can lead to cultural conflict in the 
classroom (Noguera, 2003; Zeichner, 2003). The majority of the students in public schools is 
comprised of minoritized students (Badger, 2014); however, the majority of teachers in public 
schools are White, middle-class females (National Center for Education Statistics, 2016). This is 
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not to suggest that there is a problem with White middle-class females teaching large populations 
of poor, minoritized students; however, adequate preparation of these teachers is paramount to 
their success teaching these students and ultimately to the success of these students (Sleeter, 
2001). The specific challenges of teaching in an urban context can influence how one views and 
teaches the curriculum and can influence how one views the role of teacher (Noguera, 2003).  
Purpose 
The purpose of this study was to explore urban, public secondary science teachers’ 
understandings nature of science (NOS) and culturally relevant pedagogy (CRP) and to explore 
any relationships between these two. Research that explores urban teachers’ understanding of 
NOS and CRP may provide knowledge that can help articulate a potential relationship with the 
ultimate goal of improving science teaching and learning. Ultimately, this would solidify the 
status of science education in the United States, because “science education is successful only to 
the extent that science can find a niche in the cognitive and sociocultural milieu of students” 
(Cobern, 1993, p. 57). 
Theoretical Framework 
Vygotsky’s (1978) sociocultural theory is based on the notion that learning experiences 
are heavily influenced by and cannot be separated from a person’s social context. People learn 
from their experiences and participation in social interactions with other people. For example, 
the way a person thinks about or conceives of a specific phenomenon in the world is contingent 
upon the experiences that person has had and can change as that person has more experiences. 
For this study, this means that how a teacher conceives of nature of science and culturally 
relevant pedagogy is deeply rooted in his or her social and cultural experiences. Scribner (1997) 
identified three aspects of the sociocultural approach to human cognition: 
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1. Cognition is culturally mediated by material and semantic artifacts such as tools and 
signs. 
2. It is founded in purposive activity (human action-in-the-world, socially constituted 
systems of activity designed to satisfy human needs). 
3. It develops historically as changes at the sociocultural level impact psychological 
organization. 
Cognition is a complex phenomenon that involves the mind, body, activity, and culturally 
organized settings (Lave, 1988). Learning is a generative process that results from social practice 
(Lave & Wenger, 1991). Brown, Collins, and Duguid (1989) argued that understanding is 
developed through complex social interactions. The use of sociocultural theory as a framework 
in this study of urban science teachers’ understandings of NOS and CRP is particularly useful as 
it provides for understanding the conceptions as constructs rooted in learning and social 
experiences over time. It is through discourse, actions, and experiences that a group constructs 
patterned ways of seeing, perceiving, and believing (Bloome & Bailey, 1992). These experiences 
are not limited to teacher preparation programs where teachers interact with other students and 
faculty members. Teachers learn as they participate in activities in the world and they are molded 
by the culture in which they participate (Vygotsky, 1978). As such, teachers bring their own 
cultural discourses to the classroom.  
In regards to this study, sociocultural theory posits that all human social activities are 
conducted within institutional and cultural frameworks (Lemke, 2001). Therefore, science 
knowledge development is mediated by social interaction and cultural practice and is heavily 
dependent on language and literacy (Moje, Collazo, Carrillo, & Marx, 2001). Nature of science 
is a concept that addresses the social and cultural embeddedness of science. Therefore, a teacher 
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who has adequate conceptions of nature of science is aware of the social and cultural influences 
on science and the development of scientific knowledge. Additionally, CRP is a concept that 
acknowledges the role of culture and social interactions and context in the learning process. 
Therefore, a culturally relevant teacher is aware of the variety of cultural markers present in the 
classroom and seeks ways to bridge those cultures and the knowledge that students bring to the 
classroom with instruction. 
Significance of the Study 
A study of urban teachers’ understanding of NOS and CRP and any existing relationship 
between the two is important for several reasons. First, understanding urban teachers’ 
understanding of NOS and CRP can help in the development of professional learning that targets 
these understandings. Secondly, professional learning can help teachers develop adequate 
understandings of both NOS and CRP, which could provide a more accessible science education 
for students in urban contexts. It is important to note that just simply possessing adequate 
conceptions does not translate into execution in instruction. However, these adequate 
conceptions can translate into instruction with proper professional development. The ultimate 
goal is to increase the representation of urban, minoritized students in science fields after college.  
Research Questions 
The specific focus for this research was on the relationship between teacher conceptions 
of NOS and their conceptions of culturally relevant pedagogy in the science classroom. 
Specifically, this study addressed the following questions: 
1. What are urban secondary science teachers’ understandings of nature of science?  
2. What are urban secondary science teachers’ understandings of culturally relevant 
pedagogy? 
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3. Is there a relationship between teachers’ understandings of nature of science and 
culturally relevant pedagogy? 
These questions are considerate of the larger issue of the increasingly diverse science 
classroom in public schools and the lack of diversity in fields such as science, engineering, 
mathematics, and technology. Public schools have an obligation to develop scientifically literate 
students, which requires them to have adequate conceptions of NOS. However, teachers 
themselves need to have adequate conceptions of NOS. 
Definition of Terms 
Achievement gap. In this study, achievement gap is “defined as the differences between 
the test scores of minority and/or low-income students and the test scores of their White and 
Asian peers” (U.S. Government Printing Office, 2015). 
Minoritized. Shields, Bishop, and Mazawi (2005) explained that the term minoritized 
refers to those who, while not necessarily in the numerical minority, have been ascribed 
characteristics of a minority and are treated as if their position and perspective is of less worth. 
Minority. In this study, minority is defined by the U.S. Government Printing Office 
(2015) as certain groups underrepresented in science and engineering (i.e., American Indian, 
Alaskan Native, Black, Hispanic, and Pacific Islander. 
Underrepresentation. The U.S. Government Printing Office (2015) defined 
underrepresented in science and engineering as ethnic groups of scientists and engineers whose 
number per 10,000 population are substantially below the comparable figure for scientists and 
engineers who are White and not of Hispanic origin.  
Urban. According to several researchers (Milner, 2011; Mutegi, 2013; Noguera, 2003), 
the meaning of this word is ambiguous. However, for the purposes of this study and in 
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consideration of the literature reviewed in this study, urban contexts are defined as schools that 
share most of the following characteristics: (a) area of high population density; (b) high levels of 
poverty, (c) high percentages of people of color, (d) high percentages of immigrants, or (e) 
people whose first language is not English (Kopetz, Lease, & Warren-Kring, 2006; Steinberg & 
Kincheloe, 2004).  
Organization of the Study 
This study is organized into five chapters, a bibliography, and appendices. Chapter 2 
contains a review of the relevant literature on NOS and CRP. Chapter 3 contains a description of 
the research design and methodology used to analyze the data collected for this study. the results 
of an analysis of interviews and questionnaires are presented in Chapter 4. Chapter 5 contains a 
discussion of those results, conclusions drawn from the results, implications for practice, and 
recommendations for further research.  
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CHAPTER 2 
REVIEW OF THE LITERATURE 
This review of literature contains three sections. The first section is devoted to NOS and 
inlcudes a definition of NOS and its components, and the importance of NOS to science and 
science education. The first section also includes research on teachers’ understandings of NOS, 
how these understandings may influence classroom practice, and how teacher understanding of 
NOS is assessed. The second section contains a discussion about how science is cultural and how 
this has implications for classroom practice. The final section contains a review of culturally 
relevant pedagogy and culturally relevant science instruction.  
Nature of Science 
Currently, there is no one specific definition of nature of science that scientists, science 
educators, philosophers of science, and historians of science can all agree upon (Lederman, 
2007), even though NOS has been the culture of science for more than 100 years, and still is a 
crucial aspect of science education (Lederman & Lederman, 2014). As science and science 
education has changed over time, definitions of NOS have changed as well (Lederman, 1992). 
For the purposes of this literature review and study, the nature of science refers “to the 
epistemology of science, science as a way of knowing, or the values and beliefs inherent to the 
development of scientific knowledge” (Abd-El-Khalick, Bell, & Lederman, 1998, p. 418). 
Inherent in this definition of NOS are characteristics of science and scientific knowledge 
components that science teachers and students should understand: (a) there is a difference 
between observation and inference, (b) scientific knowledge is subjective and/or theory-laden, 
(c) there is a difference between scientific laws and theories, (d) science involves human 
imagination and creativity, (e) science is socially and culturally embedded, (f) scientific 
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knowledge is tentative, and (g) there is no one scientific method (Lederman, 1999). The 
following section contains information about each component of the NOS. 
Distinction between Observations and Inferences 
In science, observations and inferences are different. An observation is a descriptive 
statement about natural phenomena that is directly accessible to the senses. Inferences are 
statements about natural phenomena that are not directly accessible to the senses. For example, 
when observing an 8-ounce glass containing 4 ounces of a liquid, some may infer that the glass is 
half-full while others may infer that the glass is half-empty. The inferences are often based on 
the particular theoretical framework within which the observer works (Ben-Ari, 2005).  
The distinctions and relationships between observations and inferences are important to 
science and science research. For example, paleontologists and archaeologists have long studied 
remains of ancient human species and over time more remains of extinct human species are 
found in the fossil record. After each discovery, scientists infer the possible relationships 
between present-day humans and the observed discovery and it changes previous notions and 
inferences about human ancestral relationships (Shreeve, 2015). Even though observations seem 
to be objective in nature, there is an inherent subjectivity in observations. Ben-Ari (2005) wrote 
that, “Observation is theory-laden, that is, the theoretical framework within which the observer 
works is critical to the observations themselves” (p. 7). Therefore, it can be difficult to separate 
what is directly accessible to the senses and what is interpreted from the senses. This subjectivity 
in science is acknowledged in the subjectivity component of NOS.  
Subjective and/or Theory-Laden 
Scientific knowledge is subjective and theory-laden (Lederman, Abd-El-Khalick, Bell, & 
Schwartz, 2002). Lederman et al. (2002) stated that, “Scientists’ theoretical and disciplinary 
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commitments, beliefs, prior knowledge, training, experiences, and expectations influence their 
work” (p. 501). Kuhn’s (2012) work on paradigms and paradigmatic shifts in the history of 
science illustrated the point that science is subjective in the sense that all work done in science 
happens within a particular paradigm, which is influential on the work itself.  
A paradigm is a shared outlook on science that unites a scientific community and allows 
normal science to take place (Okasha, 2002). Scientists operate under a particular paradigm in a 
quest to solve puzzles. On this quest, scientists encounter problems that are not explainable or do 
not match well with what the theories predict. It is the job of the scientist to determine what to do 
with the anomalies. Scientists are not trying to test the paradigm, but only conduct their research 
within it (Kuhn, 2012). After enough anomalies pile up, scientists start to question the paradigm 
itself. Alternative paradigms are proposed and eventually a new paradigm is established.  
This process for a shift to a new scientific paradigm takes generations to happen. The 
shift from the geocentric model of the universe to the heliocentric model of the universe is one 
example of a paradigm shift. Therefore, because science is a human endeavor, practiced by 
humans, it cannot be completely objective because of the theoretical frameworks that each 
scientist brings to all of the processes of scientific investigations including experimental design, 
data collection, data analysis, interpreting results, and drawing conclusions.  
Distinction between Scientific Laws and Theories 
In science, the relationship between laws and theories is important. Theories in science 
are explanations for observed phenomena. Lederman et al. (2002) reported that, “Theories serve 
to explain large sets of seemingly unrelated observations in more than one field of investigation” 
(p. 500). Furthermore, theories “can be used to precisely and accurately explain and predict 
natural phenomena” (Ben-Ari, 2005, p. 24). On the other hand, “Laws are statements or 
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descriptions of the relationships among observable phenomena” (Lederman, 2007, p. 833). It is 
important to note that the relationship between theories and laws in science is not hierarchical, 
and one does not lead to the other. Instead, laws provide descriptions of observable phenomena, 
while theories provide explanations or the why of observable phenomena.  
Among scientific laws are Newton’s laws of motion, which describe what will happen to 
an object when forces are applied to that particular object. Newton’s first law states that an 
object in motion will stay in motion unless it is acted upon by an outside force. The second law 
states that an object’s force is related to the mass of the object and its acceleration. The third law 
of motion states that for every action on an object there is an equal and opposite reaction. These 
laws of motion describe what will happen to an object in different circumstances. The laws do 
not explain why it happens or why there is a relationship between these variables.  
Scientific theories provide the why behind observable phenomena. Theories in science are 
“well-substantiated,” supported by many lines of evidence, and are accepted by the scientific 
community (Liang et al., 2009, p. 991). However, scientific theories are subject to change or 
overturned in the presence of new evidence; hence, the tentative nature of scientific knowledge. 
For example, the theory of evolution by natural selection is a widely accepted theory in the 
scientific community. It states four main principles: (a) variation―there are heritable differences 
in populations; (b) more individuals are produced each generation that can survive; (c) 
individuals with heritable traits better suited to the environment, or adaptations, will survive; and 
(d) adaptations will be passed on to future generations of offspring. This theory provides an 
explanation of how populations of organisms evolve over time.  
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Human Imagination and Creativity  
Science is a human endeavor that “involves human imagination and creativity” and “is 
not a totally lifeless, rational, and orderly activity” (Lederman, 2007, p. 834). In order for 
scientists to design scientific investigations and develop inferences and explanations based on 
datasets, it takes creativity and imagination. The process of creating a theory in science is a 
highly imaginative and creative process. A theory in science provides the why behind observable 
phenomena in nature, and is backed by multiple lines of evidence. For example, the theory of 
gravitation consists of different concepts such as distance, mass, force, and a law relating the 
gravitational force between two objects to their masses and the distance between them. Galileo’s 
experiment dropping balls off the Leaning Tower of Pisa demonstrated the relationship between 
these concepts (Chalmers, 2013). Galileo found that the rate of acceleration of the balls was 
independent of the balls’ mass. Arguably, anyone could do this experiment and observe the same 
phenomenon; however, to create a mathematical equation that captures the relationship between 
the different variables and incorporate this equation into the theory of gravitation is not 
something everyone can do. One has to have “the insight to formulate the crucial concepts” 
(Ben-Ari, 2005, p. 14). This is not to suggest that one has to develop a mathematical equation to 
become a scientist; however, “performing the ‘right’ observations, experiments, and calculations 
demands creativity” (Ben-Ari, 2005, p. 14).  
Socially and Culturally Embedded 
Because science is a human endeavor and scientists are humans who are a part of a larger 
social and cultural sphere, science, itself, is embedded within a larger social and cultural sphere. 
Therefore, science is influenced by elements such as “social fabric, power structures, politics, 
socioeconomic factors, philosophy, and religion” (Lederman, 2007, p. 834). Chalmers (2013) 
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highlighted the idea of science being socially and culturally constructed using a children’s 
picture puzzle. These puzzles involve finding the drawing of a human face within the foliage in 
the drawing of a tree. At first glance, the illustration corresponds to a tree, with branches and 
leaves. However, this image changes after the observer identifies the human face among the 
foliage. If the observer views the same drawing later, the human face is seen immediately; 
suggesting that in addition to the observed physical image, what the observer is seeing depends 
on the knowledge, experiences, and background of the observer.  
Chalmers (2013) also highlighted another example of science being socially and 
culturally constructed using a picture of a staircase that when looked at, one person could say it 
is the upper portion of the stairs visible, while another could say that the under portion of the 
stairs is visible. Regardless of how one looks at the image, the image itself does not change and 
is undoubtedly a staircase. However, a member of an African tribe whose culture is not 
accustomed to two-dimensional depictions of three-dimensional objects would not see a staircase 
at all. As Chalmers asserted, although the images on our retinas form part of what we see, 
another part of what we see is due to “the inner state of our minds or brains, which will itself 
depend on our cultural upbringing, our knowledge and our expectations” (p. 9).  
Scientific Knowledge is Tentative 
The nature of scientific knowledge “including facts, theories and laws, is tentative and 
subject to change” (Lederman, 2007, p. 834). As new scientific evidence emerges because of 
technological advances, new thinking, research shifts, social and cultural shifts, scientific 
knowledge changes (Lederman et al., 2002). Kuhn’s (2012) work on paradigms and 
paradigmatic shifts in the history of science illustrated the point that scientific knowledge is 
tentative and a product of a particular paradigm.  
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To illustrate this aspect of NOS, consider the shift in scientific thought from the 
geocentric model of the solar system to the heliocentric model of the solar system. Ptolemy, a 
Greek astronomer, in conjunction with previous knowledge of ancient astronomy, theorized the 
motions of the planets in space. According to the Ptolemaic theory, the Earth was at the center of 
the universe and all of the other known planets and the sun revolved around Earth. At the time, 
this was the leading theory of the motions of bodies in space and was the leading theory for over 
1,500 years. However, in 1543, Copernicus, a Polish astronomer, published a new theory that 
was at odds with Ptolemaic theory. According to Copernicus, the sun was at the center of the 
universe and all of the other planets, including Earth, revolved around the sun. Even though this 
theory is widely accepted today, Copernicus’ ideas were not immediately accepted in the 
scientific community. However, his works heavily influenced Kepler who supported the idea that 
the planets did not have a circular orbit, and Galileo who made discoveries using the telescope, 
including stars, sunspots, and Jupiter’s moons. The work of Kepler and Galileo, grounded in the 
works of Copernicus, shifted the scientific community toward Copernicanism (Okasha, 2002).  
Scientific Method 
One of the most widely held misconceptions about science is the existence of a universal 
scientific method that all scientists use to conduct scientific inquiry (Lederman et al., 2002). This 
particular method characterizes the process of science as well structured where scientists observe 
the universe, record observations as facts, examine those facts, and then develop a theory that 
accounts for the facts. Afterwards, the scientist will then make a prediction and perform 
experiments to test those predictions in order to accept or reject the theory. This is referred to as 
the inductive-deductive method (Ben-Ari, 2005). However, this misconception has been 
continually debunked by historians of science and philosophers of science, as well as the 
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scientific community (Chalmers, 2013). As Chalmers (2013) asserted, “I am happy to join 
Feyerbrand in regarding the idea of universal and ahistoric method as highly implausible and 
even absurd” (p. 149). This sentiment is echoed by the science education community. The 
American Association for the Advancement of Science (1993), in their Benchmarks for 
Scientific Literacy, stated that, “Scientists differ greatly in what phenomena they study and how 
they go about their work” (p. 12). Not only has this misconception been debunked, scientists and 
the science education community argue there is no single scientific method or sequence that all 
scientists use in order to attain or advance scientific knowledge.  
NOS and Science Education 
The nature of science is an important construct in the science education community as 
well as the science community. It has been advocated as an important goal for students studying 
science for over 100 years and is a crucial component in developing students’ scientific literacy   
(Lederman, 2007). However, Aikenhead (1996) asserted that a typical science teacher is a 
“positivist, authoritarian, non-humanist, objective, purely rational and empirical, universal, 
impersonal, socially sterile, impersonal teacher who is unencumbered by the vulgarity of human 
imagination, dogma, judgments, or cultural values” (p. 39), which is not reflective of the essence 
of the nature of science. It can be reasonably assumed that if teachers do not posess adequate 
views of the nature of science, they cannot effectively convey adequate nature of science 
concepts to their students. Therefore,  because there is a continued focus on NOS in science 
education, it can also be assumed majority of students do not possess adequate NOS conceptions, 
which is crucial in developing scientific literacy. The American Association for the 
Advancement of Science (1990) stressed NOS concepts as fundamental to scientific literacy:  
Over the course of human history, people have developed many interconnected and 
validated ideas about the physical, biological, psychological, and social worlds. Those 
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ideas have enabled successive generations to achieve an increasingly comprehensive and 
reliable understanding of the human species and its environment. The means used to 
develop these ideas are particular ways of observing, thinking, experimenting, and 
validating. These ways represent a fundamental aspect of the nature of science and reflect 
how science tends to differ from other modes of knowing. (p. 1) 
 
Therefore, if the goal is to help students become scientifically literate, teachers must have 
adequate conceptions of the NOS. It is important to note that just to have adequate understanding 
of the NOS does not necessarily translate into classroom practice (Lederman, 1999).  
Teacher Understanding of NOS  
Lederman (1992) stated that, “An individual’s beliefs concerning whether or not 
scientific knowledge is amoral, tentative, empirically based, a product of human creativity, or 
parsimonious reflect that individual’s conception of the nature of science” (p. 331). This section 
contains an examination of the history of studies focused on inservice, secondary science 
teachers conceptions of NOS. This section also includes studies using the Views of Nature of 
Science instrument. This section also contains a general discussion of the literature of teacher 
conceptions of NOS across all grade bands.  
Anderson (1950) conducted what is believed to be the first study examining teacher 
conceptions of NOS. In his study, 91 high school teachers of biology and chemistry completed 
an assessment of 58 items, eight of which were specifically targeting teacher views on the 
scientific method. The other items on the assessment were not related to NOS. The questions 
about the scientific method were as follows:  
1. What do you consider the scientific method to be? 
2. What is a variable in a science experiment? 
3. How many variables should there be in a science experiment? 
4. What is a control in a science experiment? 
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5. What is the function of a control in a science experiment? 
6. How many controls should there be in a science experiment? 
7. What original experiments have your students solved independently of the laboratory 
manual or text? 
8. How would you devise an experiment to determine what amounts of chemical 
manures give maximum growth in plants?  
Teachers were given a score ranging from 0 to 11 on their answers to the eight questions. 
Analysis from this study revealed that both biology and chemistry teachers in Minnesota had a 
lack of knowledge concerning the scientific method. However, no information was given about 
how the researcher developed this set of questions.  
Miller (1963) found similar results as Anderson (1950). Miller compared the Test of 
Understanding Science scores of secondary biology teachers and students. The teacher sample 
consisted of 51 biology teachers from 20 Iowa high schools. Miller found 68% of high-ability 
students scored higher on this assessment than 25% of the teachers. From this study, Miller 
concluded that many teachers do not understand science as well as their students.  
Kimball (1967) compared NOS understandings of scientists and science teachers using 
the Nature of Science Scale. Kimball conducted the study to determine if qualified science 
teachers expressed the same view of the nature of science as practicing scientists of similar 
academic background did. All of the teachers were practicing secondary science teachers with 
undergraduate majors in science. Results of this study showed no differences between teachers 
and scientists in their understandings of NOS. Furthermore, in seven of the eight comparison 
groups, teachers scored higher than the scientists. According to Kimball, both groups, teachers, 
and scientists, “scored lower than might be hoped or expected” (p. 119).  
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Carey and Stauss (1970) administered the Wisconsin Inventory of Scientific Processes to 
experienced secondary science teachers to assess their understanding of NOS. Specifically, the 
study addressed the relationship between science teachers’ understanding of NOS and certain 
academic variables and teaching experience. The major finding of this study was that science 
teachers, in general, did not possess adequate conceptions of NOS and that such variables as 
grade-point average, math credits, specific course, and years of teaching experience were not 
significantly related to teachers’ conceptions of NOS.  
More recent research on teacher conceptions of NOS is consistent with the early research 
on NOS in that teachers do not have adequate conceptions of NOS. Koulaidis and Ogborn (1989) 
described and compared NOS conceptions of beginning teachers and preservice science teachers. 
Twelve beginning science teachers and 11 preservice science teachers were asked questions 
surrounding the nature of scientific method, the criteria of demarcation of science from non‐
science, the nature of change in scientific knowledge, and the status of scientific knowledge 
using a 16-item, multiple-choice questionnaire. Based on their responses to the questionnaire, the 
teachers were categorized into five categories—inductivism, hypothetico-deductivism, 
contextualism-rationalist, contextualism-relativist, and relativism. The major finding was that 
teachers do not possess views that are consistently associated with a particular philosophical 
position. In essence, teachers held different epistemological views based on the question asked.  
Pomeroy (1993) asked a group of research scientists, secondary science teachers, and 
elementary science teachers about their NOS conceptions to determine the extent of any 
differences between the scientists’ and teachers’ conceptions of NOS. The 109 teachers and 71 
scientists completed a 50-item Likert-scale survey developed by Pomeroy. Information regarding 
the validity of the survey was not available. Results of this study show that scientists report more 
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traditional views of science than secondary science teachers and secondary science teachers 
report more traditional views of science than the elementary school teachers. Traditional views 
of science are not in accord with the traditional NOS ideas. Pomeroy asserted that this may be 
true because scientists and secondary science teachers have had more exposure to traditional 
science than elementary school teachers. Finally, Pomeroy contended that preservice science 
teachers should be exposed to NOS in science methods courses.  
Abd-El-Khalick and Lederman (2000) examined the influence of history of science 
courses on college students’ and preservice teachers’ conceptions on the nature of science. The 
participants included 181 college students (52% male and 48% female) at a mid-sized university 
in the western United States. Almost three-fourths of the participants (72%) were science majors, 
19% had other majors, and 9% were preservice secondary science teachers. The participants 
were split into two groups. The first group consisted of 166 undergraduates and graduates and 
the second group consisted of the 15 preservice secondary science teachers. Abd-El-Khalick and 
Lederman administered the VNOS-B questionnaire during the first and last weeks of the fall 
term. At the beginning of the study, almost all partcipants held inadequate understandings of 
several aspects of NOS. At the end of the study, the researchers noticed limited changes in the 
participants’ views of NOS, suggesting that “History of Science courses had only minimal 
influence on students’ NOS views” (p. 1085).  
Abd-El-Khalick and Lederman (2000) drew several implications from the study. First, 
they noted that if historians of science intend to challenge their students’ NOS views, an explict 
approach, rather than implicit, is the best method. However, the researchers further asserted that 
if students already hold misconceptions, an explicit approach to NOS instruction may not be 
useful. In that case, Abd-El-Khalick and Lederman advocated for a conceptual change approach. 
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Abd-El-Khalick and Lederman also posited that science eduators should not assume that having 
a course in the history of science is enough to help preservice science teachers develop their 
views of NOS. They asserted that it may be more helpful for preservice science teachers to have 
a course that challenges their NOS views before having a course in history of science.  
Abd-El-Khalick and Akerson (2004) explored factors that mediated the develoment of  
preservice elementary teachers’ views of NOS. Specifically, the goals of the study were to assess 
the impact of the conceptual change intervention and to explore the factors that mediated the 
development of NOS understandings. The participants included 28 undergraduate, preservice 
elementary teachers enrolled in an elementary science methods course at a mid-sized university 
in the western United States. In order to assess the goals of the study, the researchers used the 
VNOS-B instrument with follow-up interviews at the beginning and end of the study. 
Additionally, the reseachers collected weekly reflection papers and the teachers participated in 
an exit interview. At the beginning of the study, a majority of the participants held naïve views 
of several aspects of NOS. As a result of the intervention, the NOS understandings of the 
participants evolved. The researchers also found that some of the factors mediating the 
development of NOS views were motivational, cognitive, and worldview. For example, one of 
the participant’s global worldview hindered the development of a more informed understanding 
of some aspects of NOS. Additonally, cognitive factors, such as seeking the meaning of key 
words, hindered the development of a more informed understanding of some aspects of NOS. 
Among the implications of this study is that NOS learners should be provided structured 
experiences in order to examine the meanings of key NOS words. Additionally, NOS instruction 
should address the diasgreements between science and religion as well focus on its importance 
for K‒12 learners.  
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Abd-El-Khalick (2005) examined the influence of a philosophy of science course on 
preservice secondary science teachers’ views of NOS. The participants included 56 
undergraduate and graduate students enrolled in a two-course sequence of science methods 
courses taught by the researcher at a midwestern university in the United States. Among this 
sample, 10 of the participants also were enrolled in a philosophy of science course. The students 
in the courses all received explicit and reflective NOS instruction. Abd-El-Khalick used the 
VNOS-C questionnaire to assess the students’ NOS understanding at the beginning and end of 
the study. Additionally, the preservice teachers’ lesson plans and their written reflections on the 
NOS were used to assess the goals of the study. At the beginning of the study, almost all 
partcipants held inadequate understandings of several aspects of NOS. At the end of the study, 
Abd-El-Khalick noticed “substantial” changes in the participants’ views on all eight aspects of 
NOS (p. 26). Specifcally the students enrolled developed “deeper, more coherent understandings 
of NOS” (Abd-El-Khalick . 2005, p. 36). Among the implications of this study is that perhaps 
philosophy of science courses can help develop preservice science teachers’ understandings of 
NOS. However, Abd-El-Khalick reported that the results of this study could not be generalized 
beyond the study as the course in question was not a typical philosophy of science course—the 
course was geared toward “addressing the needs of science educators” (p. 36). Additionally, 
Abd-El-Khalick reported that  adding an additional course to science teacher preparation 
programs is unrealistic. However, Abd-El-Khalick advocated for collaboration between 
historians, philosophers, sociologists of science, and science educators to develop courses that 
would be beneficial to the needs of science educators.  
Akerson, Buzzeli, and Eastwood (2012) explored the relationship between preservice 
early childhood teachers’ cultural values, the cultural values they believe scientists hold, and 
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their views on the NOS. The participants included 17 undergraduates enrolled in a bachelor of 
arts degree in early childhood education program. The participants were all enrolled in a science 
methods course taught by the first author and an early childhood education course taught by the 
second author. In order to answer the research questions, the researchers used the Schwartz 
Values Inventory to assess the cultural beliefs held by the participants and the cultural values 
they believe scientists hold. At the beginning of the courses, Akerson et al. used the VNOS-B 
questionnaire to assess the preservice teachers’ understanding of NOS. The teachers also 
completed the Schwartz Values Inventory twice, once for themselves and once for the beliefs 
they believe scientists hold. This process was repeated at the conclusion of the semester. The 
researchers found that over the course of a semester, the teachers did not change their cultural 
values and believed their cultural values to be the same as those of scientists. However, their 
understanding of NOS improved over the course of the semester. Akerson et al. found that 
teachers who reported fewer cultural differences between themselves and scientists held the more 
informed NOS understandings than teachers who reported more cultural differences between 
themselves and scientists. Akerson et al. also found that if teachers view scientists as culturally 
similar to themselves, they are more willing to teach science to their students.  
Sarieddine and BouJaoude (2013) investigated if teachers’ NOS views are reflected in 
their instructional planning. Additionally, the researchers explored factors that might faciliate 
and impede the relationship between NOS views and instructional planning. The participants in 
this study included seven, 10th-grade biology teachers in private secondary schools in Beirut. All 
of the participants posessed bachelor’s degrees in biology and a secondary science teaching 
certification. Sarieddine and BouJaoude used the VNOS-C questionnaire, follow-up interviews, 
classroom observations, and teachers’ lesson plans to answer the research questions. Sarieddine 
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and BouJaoude found that the teachers did not possess adequate views of NOS, which the 
researchers attributed to the participants’ educational history. Additonally, Sarieddine and 
BouJaoude found that regardless of NOS views, NOS aspects were not considered in the 
teachers’ instructional planning. Among the implications of this study was the need to prepare 
preservice and inservice teachers for NOS instruction. Sarieddine and BouJaoude further noted 
that this preparation will not happen “unless the curriculum, textbooks, and assessment practices 
change in such a way as to value teaching NOS” (p. 149).  
Mesci and Schwartz (2017) explored preservice teachers’ views of NOS, aspects that 
were challenging for conceptual change, and any reasons why. The participants were eight 
female and six male preservice science teachers enrolled in a NOS and scientific inquiry course. 
At the beginning of the study, the participants completed the VNOS-270 and VOSI-270 
questionnaires and follow-up interviews before the beginning of the course. During the semester, 
Mesci and Schwartz conducted classroom observations focusing on NOS instruction and 
collected student work samples. At the end of the study, the participants completed the VNOS-
270 and VOSI-270 questionnaires and follow-up interviews. Mesci and Schwartz found a 
dramatic improvement in participants’ views of NOS; however, the researchers reported that it 
was difficult to change participants’ views on three aspects of NOS—differences between 
theories and laws, tentativeness, and the sociocultural embeddedness of science. Mesci and 
Schwartz suggested that the reason these three aspects were difficult to change may be because 
of different instructional, motivational, and sociocultural factors. Furthermore, Duschl (1988) 
asserts that Western science has an authoritarian status in society and changing that status is 
difficult but necessary in order to provide a more inclusive science education for wide-range of 
students.  
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Based on the review of research presented, it is evident that inservice, secondary science 
teachers generally do not possess views consistent with traditional NOS views. Furthermore, 
U.S. science teachers at all grade levels do not possess adequate conceptions of NOS (Lederman 
& Lederman, 2014). This is an issue across the world. Science teachers in other countries also 
possess inadequate NOS conceptions (Liang et al., 2009; Sarrieddine & BouJaoude, 2013). 
Although a number of studies were presented in this review, few of them specifically addressed 
NOS conceptions of science teachers in urban contexts.  
Effective NOS Pedagogy 
In addition to having adequate understandings of various aspects of NOS, teachers must 
be able to teach NOS in a way that will translate into student understanding of NOS. The 
National Science Education Standards, the foundation that undergirds the current science 
education standards in Georgia, recommended “actual experiences of student investigations, case 
studies, and historical vignettes” (National Research Council, 1996, p. 170). The Next 
Generation Science Standards recommended explicit instruction on NOS, student investigations, 
and the “opportunity to stand back and reflect on how the practices contribute to the 
accumulation of scientific knowledge” (National Research Council, 2012, p. 435). Furthermore, 
the Next Generation Science Standards use examples from the history of science as another 
method of NOS instruction. It is important to note that an explicit approach toward NOS is when 
NOS understandings are “intentionally planned for, taught, and assessed (Lederman et al., 2001, 
p. 137). This definition of an explicit approach does not refer to lecture or direct instruction 
(Lederman & Lederman, 2014).  
This section contains a discussion of different methods of NOS instruction for the 
secondary science classroom. This section also contains how teachers understanding the NOS 
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and how they may translate their understandings into classroom instruction. Finally, this section 
contains a summary of the necessary foundations teachers need in order to teach NOS effectively 
in the secondary science classroom.  
 Using a case study is one recommended approach to teaching NOS. Gallucci (2009) 
advocated for the use of case studies in a college freshman biology class by reporting that, “Case 
studies integrated into the curriculum early in a course can be the foundation for understanding 
NOS throughout the semester” (p. 50). One example used was the Dow Corning company filing 
for bankruptcy in 1995 because of a court settlement claiming that its silicone breast implants 
caused disease. Despite the assertion that breast implants causes connective tissue disease, there 
has been no such evidence found to support this assertion. Nevertheless, the connective tissue 
disease was blamed on breast implants based on anecdotal evidence and fueled the media. Later, 
data were revealed that cleared Dow Corning; however, the jury emphasized the testimony of the 
hired experts who blamed the company, which ultimately led to the settlement and subsequent 
bankruptcy. In the classroom setting, this case can be used to generate discussion around the 
social and cultural embeddedness of science. Even though the jury had data that clearly indicated 
no link between breast implants and disease, Dow Corning took the blame, as the data could not 
support the claim that breast implants were safe. The topics of discussion in class can range from 
the social and cultural embeddedness of the interpretation of the data to how science as a field is 
influenced by social and cultural contexts.  
Wong, Hodson, Kwan, and Yung (2008) also presented a case study on the severe acute 
respiratory syndrome (SARS) outbreak in China in 2002. Wong et al. developed a teaching 
package of SARS information that included an introductory review of the SARS epidemic, 
video-clips, photographs, pictures, and news headlines designed to describe the impact of SARS 
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on social and cultural practice, political decision making, and technological innovation. NOS 
elements were explicitly emphasized in this package. This teaching package was presented to 
student teachers attending The University of Hong Kong. This case study was effective in 
promoting student teachers’ understanding of NOS, which was attributed to its relevance, 
immediacy, and familiarity. The researchers also noted the importance of careful planning and 
incorporating explicit and reflective instruction in NOS instruction, which is consistent with 
research on how to teach NOS (Lederman & Lederman, 2014).  
In addition to case studies used in the classroom, NOS can also be taught using 
vocabulary words because many words in science can lead to misconceptions about NOS. 
Schwartz (2007) engaged students in creating a dead words list, a list words that cannot be used 
in the science classroom. One of those words is prove. Prove is commonly misused in science 
and contributes to the misconception that science finds absolute answers or that science is 
absolute. This contradicts the tentative nature of science. By explicitly going through examples 
of how such words are misused in science and coming up with better words to use, students 
debunk common misconceptions that can ultimately lead to a better understanding of NOS.  
NOS can also be explicitly taught while simultaneously teaching other content material. 
For example, in my Earth science course, one of the topics I teach is global climate change. 
Students are familiar with this issue because it has been prevalent in the media for many years 
now. One of the NOS aspects that I focus on in this unit is the social and cultural embeddedness 
of science. After the students have solidified their understanding of the causes of global climate 
change, we then enter a discussion about solutions to this crisis. During this discussion, students 
are quick to note the role of politics in supporting or hindering legislation that could alleviate 
some of the environmental impacts. I then ask the students to think of other examples of how 
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social and cultural influences affect science and the development of scientific knowledge. Near 
the end of the discussion, I make sure to reiterate that science is socially and culturally embedded 
and summarize the examples given in class.  
The examples presented in this section are only just a few examples of how to integrate 
NOS in the classroom. Lederman and Abd-El-Khalick (1998) offered several other activities that 
can be used as a stand-alone activity or can be embedded in science content instruction. These 
activities are grouped into three categories relative to the NOS tenet being addressed. These 
groups include (a) observation, inference, creativity, and tentativeness; (b) subjectivity and social 
and cultural context in science; and (c) black-box activities. Each of these sections also includes 
extensions for different grade levels. See Appendix A for examples of these activities.  
No matter what science activity it is, Lederman and Lederman (2004) asserted that it “can 
be modified to explicitly teach aspects of NOS, without much effort, loss of class time, or loss of 
attention to important subject matter” (p. 37). Regardless of the activity or approach one takes to 
address NOS in science instruction, an explicit and reflective approach is advocated in order to 
facilitate students’ adequate understandings of NOS (Lederman & Lederman, 2014). For science 
teachers to incorporate NOS into science instruction, they need an adequate understanding of 
what they are attempting to covey to students (Lederman & Lederman, 2014). However, having 
adequate understandings of NOS does not automatically translate into classroom practice.  
NOS Understandings and Classroom Practice 
Various research studies have investigated the link between NOS understandings and if 
these understandings translate into classroom practice with different results (e.g., Abd-El-
Khalick et al., 1998; Bell, Lederman, & Abd-El-Khalick, 2000; Brickhouse, 1990; Lederman, 
1999; Lederman, Schwartz, Abd-El-Khalick, & Bell, 2001; Lederman & Zeidler, 1987; 
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Sarieddine & BouJaoude, 2014; Schwartz & Lederman, 2002). For example, Brickhouse (1990) 
found that teacher beliefs about NOS influenced explicit lessons about NOS and influenced the 
implicit curriculum about the development of scientific knowledge. However, Lederman and 
Zeidler (1987) found that teacher beliefs about NOS did not influence classroom practice. This 
section contains a discussion of relevant literature on the influence of NOS understandings and 
classroom practice for secondary science teachers.  
Lederman and Zeidler (1987) investigated the assumption that teachers’ understanding of 
NOS influences classroom practices. The researchers used 18 senior high school biology 
teachers and one, randomly selected 10th-grade biology teacher. Using the Nature of Scientific 
Knowledge Scale (NSKS), which addresses six aspects of NOS (amoral, creative, 
developmental, testable, parsimonious, and unified), the researchers compared the teachers on 
the basis of their overall scores. Comparisons were made between teachers who scored high and 
teachers who scored low. These scores were then compared to 44 observable classroom variables 
grouped under five broad categories: (a) teacher’s general instructional approach, (b) teacher’s 
content-specific characteristics, (c) teachers’ non-instructional characteristics/attitude, (d) student 
characteristics, and (e) classroom atmosphere. None of the 44 classroom variables significantly 
differentiated between the teachers who scored high and the teachers who scored low on the 
NSKS, with the exception of the down time variable. Down time was most common with the 
teachers who scored low on the NSKS. Lederman and Zeidler reported that, “Down time, in and 
of itself, can only be considered as a generic teaching behavior which is more logically related to 
a variety of factors (e.g., poor planning, classroom discipline) than to the teacher’s conception of 
science” (p. 9). Therefore, the data in this study did not support the notion that teachers’ 
understanding of NOS influences their classroom practice.  
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In constrast, Brickhouse (1990) asserted that teachers’ understanding of NOS may be 
expressed in their classroom instruction. The researcher interviewed three secondary science 
teachers to ascertain their conceptions of NOS, their roles as teachers, and their students’ roles as 
learners. Each teacher participated in a series of interviews, totaling at least 4 hours each. Their 
classrooms were observed over a 4-month period for at least 35 hours per teacher. It is important 
to note that Brickhouse did not use an instrument to ascertain NOS understandings. Although 
there is no interview protocol provided, assumingly, Brickhouse relied on an interview protocol 
that focused on teachers’ views of the nature of scientific theories, the nature of scientific 
processes, and the progression and change of scientific knowledge. The results of the study were 
broken down into sections that highlighted participants’ views of different aspects of NOS and 
how it translated into classroom practice. For example, one of the teachers believed that theories 
should explain observations and it was her expectation that students should use theories to 
explain their observations. Based on the results of this study, Brickhouse claimed that teachers’ 
views of NOS may be expressed in their classroom instruction.  
Despite Brickhouse’s (1990) findings, Abd-El-Khalick et al. (1998) found that adequate 
conceptions of NOS do not translate into teachers teaching this content in their science 
classrooms. The purpose of this study was to explain specifically the factors that influenced 
teachers’ classroom practice of NOS. Fourteen preservice secondary science teachers, enrolled in 
an initial teacher preparation program seeking certification in secondary science, participated in 
this study. The teacher certification program placed emphasis on NOS throughout the several 
science methods and pedagogy courses in which they were explicitly taught NOS aspects with 
different NOS activities that could be used in the secondary science classroom. Several data 
sources were used in this study, including an open-ended questionnaire targeting understandings 
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of NOS, lesson plans, videotapes, supervisor’s clinical observation notes, program exit portfolio, 
and semi-structured follow-up interviews. In analyzing the data, Abd-El-Khalick et al. 
determined that the preservice teachers did have adequate understandings of several aspects of 
NOS; however, this did not translate into their instructional planning. The teachers noted the 
following factors hindered their instructional planning for NOS: (a) preoccupation with 
classroom management and routine chores, (b) discomfort with their own understandings of 
NOS, (c) lack of resources and experience for teaching NOS, (d) cooperating teachers’ imposed 
restraints, and (e) lack of planning time.  
The results from Lederman (1999) are similar to those of Abd-El-Khalick et al. (1998). 
Lederman investigated the relationship between teachers’ understanding of NOS and classroom 
practice, and the factors that facilitated or impeded a relationship. Using a multiple case study 
approach, five practicing high school biology teachers ranging from 2 to 15 years in teaching 
experience participated in this study. Data were drawn from several sources, including an open-
ended questionnaire targeting understandings of NOS, classroom observations, semi-structured 
interviews, and instructional plans and materials. Students in each one of the teacher’s classroom 
were also interviewed to ascertain their understanding of NOS. Analysis of the data showed that 
the five teachers had adequate understandings of NOS. However, these teachers did not regularly 
include the NOS in their instructional plans. Despite not specifically planning for NOS, 
Lederman found that teachers’ intentions, goals, level of experience, and perceptions of students 
influence classroom practice. For example, the two most experienced teachers in the study 
possessed adequate understandings of NOS and regularly included inquiry-oriented activities that 
required students to collect data and infer explanations based on the data. When asked about the 
purpose of those NOS related activities, the teachers responded that they wanted their students to 
 34 
 
have fun, develop process skills, learn how to think, and develop confidence in doing science. 
The teachers did not mention NOS as a part of the rationale. This finding is consistent with 
Brickhouse (1990) in that a teacher’s understanding of NOS may become visible in some of the 
instructional activities. However, it does not suggest that teachers will explicitly teach NOS if 
they have adequate understanding of NOS. Among the conclusions, Lederman asserted that 
science teacher education programs should continue to “directly address teachers’ ability to 
translate NOS understanding into classroom practice” (p. 927). Furthermore, Lederman argued 
that it is important to help teachers see the importance of NOS instruction, and help teachers 
develop the skills to translate knowledge into classroom practice.  
In a case study of two beginning secondary science teachers who were deemed successful 
in learning NOS and explicitly addressing it in classroom practice, Schwartz and Lederman 
(2002) closely examined their knowledge, intentions, and instructional practices during their 
student teaching and first year of full-time teaching. This case study comparison emerged out of 
data and results obtained as a part of an overlapping NOS study (Lederman et al., 2001). 
Analysis of the two cases revealed that, in order to teach NOS, it takes more than just a solid 
understanding of NOS. Schwartz and Lederman reported that, “Learning and teaching the ‘nature 
of the beast’ encompasses knowledge, beliefs, intentions, and pedagogical skills that enable a 
teacher to address NOS within his/her everyday science instruction in a manner that weaves NOS 
with other science subject matter” (p. 230). If teachers are going to teach NOS explicitly in their 
science classrooms, not only do they have to have subject matter knowledge of what they are 
teaching, but NOS knowledge as well. Furthermore, pedagogical content knowledge is also 
necessary. It is not sufficient for a teacher to possess, for example, the knowledge of NOS 
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without the pedagogical content knowledge in order to teach NOS explicitly in the classroom 
(Lederman et al., 2001; Schwartz & Lederman, 2002).  
The review of the studies in this section suggests that just having adequate conceptions of 
NOS is not sufficient in order to address NOS explicitly in science instruction. Even when 
teachers do have adequate understandings of NOS, certain factors, such as a lack of planning 
time, impede teachers from planning for and explicitly addressing NOS in instruction (Abd-El-
Khalick, 1998; Lederman, 1999). In addition to having the content knowledge for NOS, teachers 
also need subject-matter knowledge as well as pedagogical content knowledge in order to teach 
NOS (Lederman et al., 2001; Schwartz & Lederman, 2002). The review also highlighted the fact 
that studies specifically focused on NOS understandings of teachers in urban contexts are 
limited.  
Assessing Understanding of NOS 
In order to gauge the NOS conceptions of students and teachers, researchers have used a 
wide variety of instruments and methods. Dating back to the 1960s, almost 30 instruments have 
been used to assess NOS conceptions (Lederman, 2007; Lederman, Wade, & Bell, 1998). 
Lederman et al. (1998) suggested that most of the instruments are selective with aspects of NOS 
and inappropriately address other aspects. Furthermore, many of the instruments are not valid 
because they focus on students’ attitudes toward or appreciation for science rather than their 
knowledge, ability, and skill to engage in the process of science and science as a institution. 
However, Lederman et al. (1998) highlighted several instruments considered valid and reliable 
either because of the content of the instrument or because of established validity and reliability 
data from other studies.  
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The Test on Understanding Science developed by Cooley and Klopfer (1961) was, for 
some time, the most widely used assessment of student conceptions of NOS and was used to 
assess teacher and research scientists’ conceptions of NOS (Lederman & Lederman, 2014; 
Meichtry, 1993). This instrument specifically measured students’ understanding of NOS, the 
scientific enterprise, scientists, and the methods and aims of science (Meichtry, 1993). This 
instrument contains 60 multiple-choice items with four answer choices. The content validity of 
this instrument was established by unnamed consultants at Harvard University and other 
institutions. This is an important aspect when deeming an instrument valid, as the conceptions of 
the ones validating the instrument are crucial. The reliability for the instrument using Cronbach’s 
alpha was 0.76. When using Cronbach’s alpha to establish the reliability of an instrument, the 
higher the alpha, the more useful and reliable the instrument is (Isaac & Michael, 1995).  
Kimball (1967) developed the Nature of Science Scale to assess teachers’ conception of 
NOS. It has also been used to assess NOS conceptions of high school students. The instrument 
uses a 3-point Likert scale. Kimball based the instrument on the following assumptions: curiosity 
is central to science, science is tentative, science aims at increasing knowledge, there are many 
different methods of scientists, scientists prescribe to certain values, science is socially and 
culturally embedded, and science is subjective.  
Kimball (1967) initially created a pool of over 200 short statements about the nature of 
science that were analyzed by a panel of two experienced science teachers, two school science 
supervisors, three science professors, and two professors of science education. A pilot instrument 
was created after several revisions. The pilot instrument was administered to 54 people, 32 of 
whom held degrees in the sciences. After a rigorous selection process, only 31 items survived 
and these items became the second form of the instrument. Kimball administered this second 
 37 
 
form of the instrument to science teachers who majored in a science field in college, scientists, 
and philosophy majors from Stanford University and San Jose State College. From the analysis 
of responses from 712 individuals, Kimball determined science teachers and scientists hold 
similar NOS conceptions. However, Kimball found philosophy majors to have a significantly 
better understanding of NOS than science teachers and scientists. Finally, Kimball concluded 
there is no difference in NOS conceptions held by science teachers and scientists who had 
similar academic backgrounds. Although this instrument was deemed reliable and valid with 
college graduates, it is not appropriate for use on high school populations (Lederman, 2007).  
Another popular instrument used to assess the NOS related aspects is the Nature of 
Scientific Knowledge Scale (NSKS) developed by Rubba and Anderson (1978). This 
quantitative instrument was developed initially to assess secondary science students’ 
understanding of the nature of scientific knowledge. The NSKS is based on the first dimension of 
Showalter’s (1974) definition of scientific literacy—“the scientifically literate person 
understands the nature of scientific knowledge” (Rubba & Anderson, 1978, p. 450). Under this 
dimension, nine factors were listed (tentative, public, replicable, probabilistic, humanistic, 
historic, unique, holistic, and empirical). After review by philosophers of science, the list was 
reduced to six factors. The six factors that define Rubba and Anderson’s model of the nature of 
scientific knowledge are (a) amoral, (b) creative, (c) developmental, (d) parsimonious, (e) 
testable, and (f) unified.  
From Rubba and Anderson’s (1978) model, 124 statements were developed and tested 
individually by 10 science education doctoral students to evaluate form and content to create the 
first version of the NSKS. Respondents used a 5-point Likert scale that ranged from strongly 
agree to strongly disagree. From 124 original statements, 114 survived this stage after revisions 
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were made. Upon initial tryout by a group of 31 high school juniors with above average abilities 
in science, changes were made to several items. Working independently, a panel of two 
philosophers of science, two science educators, two scientists, two experienced high school 
science teachers, and a psychometrician narrowed the 114 items to 72 items (36 positive 
statements and 36 negative statements) based on content validity stemming from the model of 
the nature of scientific knowledge.  
The pilot NSKS was administered to 674 high school students enrolled in five different 
science courses (general science, biology, chemistry, physics, and physiology). The quality of 
the test items was determined by calculating the Pearson product-moment correlation 
coefficients between each item and the total score for the 12 items corresponding to the 
respective model factors of 72 correlations. The correlations ranged from r = 0.62 to 0.90, 
indicating strong positive correlations. Although Lederman and Zeidler (1987) stated that the 
final version of NSKS is an objective measure of understanding of the nature of scientific 
knowledge, Lederman (2007) acknowledged concern over the face validity of this instrument. He 
noted the items within the subscales are identical except for the negative case, in which one case 
is worded negatively. Lederman argued that the redundancy encourages participants to look back 
at previous answers that could result in inflated reliability estimates, and subsequently, an 
erroneous validity assessment.  
Despite the popularity and use of forced-choice instruments in the assessment of NOS 
conceptions before the1980s, these instruments have been highly criticized. Among early 
criticisms of these instruments, Mackay and White (1974) asserted that respondents can 
potentially perceive the intent of the scale and respond based on that perception, regardless of the 
knowledge base of the respondent. This could affect the validity and reliability of the instrument. 
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Aikenhead (1988) and Lederman and O’Malley (1990) followed this criticism by asserting that 
forced-choice instruments assume that respondents’ perceptions of an instrument’s items align 
with the developers’ perceptions of those items. This also could affect an instrument’s validity as 
respondents can potentially respond to an item for reasons that coincide with those of the 
instrument developers. A second criticism of forced-choice instruments is that they are designed 
with certain models and frameworks in mind and the responses on the instruments reflect the 
developers’ position and preferences to those models and frameworks (Abd-Ed-Khalick, 2014; 
Lederman et al., 2002). Lederman et al. (2002) stated that, “The views that ended up being 
ascribed to respondents were more likely an artifact of the instrument in use than a faithful 
representation of the respondents’ conceptions of NOS” (p. 502). Finally, quantitative 
instruments have limited usefulness. Aikenhead (1974) argued that total scores on instruments do 
not yield answers to questions like “What specific ideas have students learned?” and “What 
misunderstandings have they still retained?” (p. 24). Such questions are immensely important 
when trying to ascertain NOS conceptions of teachers and designing measures to, if necessary, 
address misconceptions. Although researchers acknowledge the importance of quantitative 
instruments in large-scale studies because it is easier to administer and score, the information 
gained in terms of NOS conceptions is either “adequate” or “inadequate” (Abd-El-Khalick, 2014, 
p. 633). Answers to questions such as “What NOS conceptions are adequate and inadequate?” 
are not gleaned from quantitative assessments of NOS. Abd-El-Khalick (2014) stated, 
Thus, the use of quantitative instruments limits the feasibility of drawing 
meaningful conclusions regarding the nature of learners’ NOS views and/or 
assessing the meaningfulness and importance of any gains in understanding NOS 
achieved by learners as a result of various instructional interventions. (p. 633) 
 
In light of the limited usefulness of quantitative instruments to assess NOS conceptions, 
Aikenhead, Fleming, and Ryan (1987) developed an instrument, Views of Science-Technology-
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Society (VOSTS), over the course of 6 years. The VOSTS was developed using 10,800 students 
across Canada who were in their graduating year of high school. A 5-step process was used. 
First, two opposing statements about a science, technology, society topic were composed. In 
response to one of the statements, students checked off a 3-point scale (agree, disagree, cannot 
tell) and then wrote a paragraph justifying their choice. The evaluator analyzed the students’ 
justifications for choosing one of the two opposing statements. The evaluator found 
commonalities in the students’ written justifications. The commonalities were written in the 
students’ language and edited to conform to a multiple-choice format. One of the two opposing 
statements then became the item’s statement. Then, 10 students per item responded to the revised 
VOSTS by choosing one of the positions and writing a paragraph justifying their selection. The 
students were then interviewed to determine how well the wording of the multiple-choice item 
captured the students’ viewpoints. A new group of students then went through the revised 
multiple-choice VOSTS items talking aloud about the choices made, thus allowing  the evaluator 
to polish the item’s wording for greater precision. Finally, a large sample of students responded 
to the VOSTS items. Items that received little or no student response and that did not provide 
interesting feedback were eliminated.  
The final VOSTS consists of a pool of 114 multiple-choice items that address a range of 
science, technology, and society topics. This instrument is different from past quantitative 
instruments in that VOSTS conveys students’ ideas, not numerical scores. Furthermore, the 
responses on the VOSTS are empirically derived from student viewpoints, not from the 
perspective of researchers. Because the responses are derived from student viewpoints, validity is 
established as, according to Ryan and Aikenhead (1992), “The meaning that students read into 
the VOSTS choices tends to be the same meaning that students would express if they were 
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interviewed” (p. 576). Validity of the instrument was established by Aikenhead (1988) when he 
examined the degrees of ambiguity with four different formats of assessing NOS understandings 
of high school students. Of the four assessment types examined (Likert-type items, student-
generated paragraphs, semi-structured interviews, and VOSTS items), ambiguity with Likert-
type items was the highest at 80%. Student-generated paragraphs generated 35%‒50% ambiguity 
and VOSTS items generated 15%‒20% ambiguity. The semi-structured interviews generated 
about 5% ambiguity and “offered the most lucid and accurate data” (Aikenhead, 1988, p. 625) 
compared to the other four response modes. The only drawback to semi-structured interviews is 
that it takes a substantial amount of time to gather and analyze the interview data. The 
development of the VOSTS and its subsequent popularity in large-scale studies of NOS 
conceptions represents a shift toward a more accurate assessment of NOS conceptions.  
However, the VOSTS is not without criticism. According to Lederman et al. (2002), if 
this instrument is used with non-Canadian or non-Western participants, it would impose on them 
inherent viewpoints that they may not share. Furthermore, the VOSTS is a forced-choice 
instrument and thus limits the space for respondents to respond to different questions. For 
example, 20 inservice science teachers were asked to respond to the VOSTS to assess their 
understanding of NOS. Several of these teachers indicated their viewpoints on NOS items were 
either not represented among or were combinations of, the provided viewpoints. Other teachers 
expressed totally different viewpoints that were not present on the VOSTS (Abd-El-Khalick & 
BouJaoude, 1997). A more general criticism of standardized instruments, including VOSTS, is 
that in the context of assessing NOS conceptions, they label participants as having adequate or 
inadequate views without any further clarification on what is adequate, inadequate, and the 
degree of adequacy and inadequacy. Additionally, the use of standardized instruments in 
 42 
 
assessing NOS conceptions limits the ability to assess NOS conceptions after instructional 
interventions to ascertain their strengths and weaknesses (Lederman et al., 2002). 
Recognizing the disadvantages of using standardized instruments to assess NOS 
conceptions of teachers and students, researchers began to shift toward alternative approaches to 
assess NOS conceptions that largely incorporated the use of open-ended surveys and interviews. 
Lederman and O’Malley’s (1990) investigation of students’ views on the tentativeness of science 
highlighted the problem of using standardized paper-and-pencil assessments when they found 
discrepancies between students’ written responses and their responses given during follow-up 
interviews. The purpose of the study was to (a) assess students’ beliefs about the tentativeness of 
scientific knowledge, (b) identify the various sources of students’ beliefs as well as those factors 
that have altered students’ beliefs about science, and (c) assess the implications of students’ 
beliefs for daily personal and societal decisions. The study took place in a small rural high school 
in western Oregon. One class from each of the four science courses—physical science, biology, 
chemistry and physics—was selected. Sixty-nine students, 36 males and 33 females, from 
Grades 9‒12 constituted the sample. Students were asked to complete an open-ended 
questionnaire twice during the study—during the second week of the school year and during the 
final month of the same school year. The categorization of student responses was absolute, 
tentative, or unclear and was conducted by both researchers. Videotaped interviews, each lasting 
30 minutes, were conducted with a stratified sample of 20 students who were selected as they 
were “highly verbal, representative of each grade/subject level, representative of tentative and 
absolutist views of science, and individuals who had changed views from pretest to posttest as 
well as those whose views did not change” (p. 231). The transcripts were qualitatively compared 
with students’ questionnaire responses. The purpose of conducting the interviews was to (a) 
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validate the questionnaire by assessing each student’s understanding of the questionnaire items, 
(b) elicit the source(s) of each student’s beliefs about science, (c) elicit descriptions of those 
experiences that have altered each student’s beliefs in the past and/or during the duration of this 
investigation, and (d) assess how students’ views of science affect daily personal and societal 
decisions. The results of this study are interesting in that the students’ written responses to the 
questionnaire are not parallel to their responses given when interviewed, which highlights a 
major criticism of solely relying on paper-and-pencil assessments to gauge conceptions.  
One criticism of paper-and-pencil assessments is that there can be a discrepancy between 
how the researcher interprets the written responses of the participants and the responses given by 
the participants during the interview (Lederman & O’Malley, 1990). For example, one of the 
questions asked students to distinguish between a scientific law and a scientific theory. In their 
answers, students typically used the word prove which led the researchers to assume the students 
had absolutist views when it came to this question. When students were asked about the use of 
the word prove, they denied using it in an absolutist sense, like the researchers initially believed. 
The students actually meant prove in the sense of providing supportive evidence. This 
unexpected but undoubtedly interesting result showed a major disadvantage to using paper-and-
pencil assessments. The researchers’ interpretations of the test items and the student responses to 
those test items may not necessarily be in unison, which leads to misinterpretation of the data 
(Lederman, 2007). Lederman and O’Malley (1990) stated that, “The use of the interview to 
gather and clarify data about students’ beliefs appears to be essential if one is to avoid the pitfalls 
of misinterpretation” (p. 235). The version of the assessment used was the first Views of Nature 
of Science instrument (VNOS-A). See VNOS-A in Appendix B.  
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Abd-El-Khalick et al. (1998) revised some of the VNOS-A items and used the resulting 
instrument (VNOS-B) to assess preservice secondary science teachers’ views of the tentative, 
empirical, inferential, creative, and theory-laden NOS, and the functions of and relationship 
between theories and laws. Although it is not explicitly mentioned in this study what items were 
changed in the VNOS-A questionnaire to form the VNOS-B questionnaire, the answer can be 
gleaned from visual comparison (See Appendix C). Items 3, 4, 6, and 7 were unchanged. In Item 
1, learn in VNOS-A was changed to teach in VNOS-B to fit the sample. The VNOS-A 
instrument targets high school students while the VNOS-B targets preservice science teachers.  
Item 2 was significantly changed from “What does an atom look like? How do scientists 
know that an atom looks like what you have described or drawn?” in VNOS-A to “What does an 
atom look like? How certain are scientists about the structure of the atom? What specific 
evidence do you think scientists used to determine what an atom looks like?” in VNOS-B. 
Lederman and O’Malley (1990) cited issues with the VNOS-A version of Item 2. Student 
responses were difficult to categorize into one of the two categories and when analyzing the 
results, the researchers noticed a large shift toward the absolutist category, a trend not evident 
with the other items. In the follow-up interviews, the researchers noted the students were 
confused with the latter part of Item 2. Students felt obliged to identify a specific study or 
approach that led to the development of a model of the atom.  
Concerning Item 5, Abd-El-Khalick et al. (1998) did not mention any specific problems 
or confusion with the question. Because the only phrase added to this item was “Other than the 
planning and design of these experiments/investigations,” it seems the researchers wanted to 
generate responses that were more specific to science content and not the planning and designing 
of experiments and investigations. VNOS-B has been used in several studies with preservice 
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secondary science teachers (Bell et al., 2000) and with preservice elementary teachers (Akerson, 
Abd-El-Khalick, & Lederman, 2000). It is through those studies that the validity of the 
instrument was established. Table 1 contains the modifications made from VNOS-A to VNOS-B. 
To establish the construct validity of VNOS-B, Bell (1999) purposively selected a sample 
of adults to participate in the study. If the instrument had construct validity, respondents with  
Table 1  
 
VNOS-A Modifications to Form VNOS-B 
 
VNOS-A 
(Lederman & O’Malley, 1990) 
VNOS-B 
(Abd-El-Khalick et al., 1998)   
2.  What does an atom look like? How do scientists 
know that an atom looks like what you have 
described or drawn?  
2.  What does an atom look like? How certain are 
scientists about the structure of the atom? What 
specific evidence do you think scientists used to 
determine what an atom looks like?  
5.  Scientists perform scientific experiments/ 
investigations when trying to solve problems. Do 
scientists use their creativity and imagination when 
doing these experiments/investigations?  
5.  Scientists perform experiments/ investigations 
when trying to solve problems. Other than the 
planning and design of these experiments/ 
investigations, do scientists use their creativity 
and imagination during and after data collection? 
Please explain your answer and provide examples 
if appropriate. 
 
thorough understandings of NOS should respond differently than respondents without thorough 
understandings of NOS. Students were not selected because one group was required to have ex-
pert understandings of NOS and several studies suggested students do not possess this level of 
understanding NOS. For the study, 18 adults, all with doctorate degrees, were selected and split 
into two groups, either novice or expert. The expert group contained the nine adults who had 
doctorate degrees in science education or the history and philosophy of science. These particular 
individuals were expected to have expert conceptions of NOS. The novice group also had nine 
adults but their doctorate degrees were in American literature, history, and education. This group 
was expected to have less-informed views of the intricacies of NOS. Each person completed the 
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VNOS-B and submitted to an interview to allow opportunities to elaborate and clarify written re-
sponses. The data from the VNOS-B responses were congruent with the data from the follow-up 
interviews. Data from this study indicated that the expert group expressed current NOS under-
standings at a much higher rate than the novice group, which supports the construct validity of 
VNOS-B. VNOS-B was further modified and expanded to form VNOS-C. Table 2 contains the 
modifications from VNOS-B to VNOS-C. The VNOS-C questionnaire is in Appendix D.  
Abd-El-Khalick (1998) further modified and expanded the VNOS-B to the VNOS-C by 
adding five additional items, modifying items, and adopting one item. In addition to the NOS 
concepts targeted by VNOS-B, VNOS-C also targets individuals’ conceptions of the social and 
cultural embeddedness of science and the existence of a universal scientific method. A panel of 
five experts—three science educators, one historian of science, and one scientist—examined the 
items for face and content validity and the items were modified accordingly. Additionally, Abd-
El-Khalick developed an interview protocol to further probe the participants’ views on NOS 
aspects and issues. Validity of the VNOS-C was established through the systematic comparison 
of participants’ NOS conceptions generated from the VNOS-C questionnaire and transcripts 
from corresponding follow-up interviews. Responses to the VNOS-C were congruent to the 
responses expressed in individual interviews.  
VNOS-C was further modified by Mesci and Schwartz (2017) to form VNOS-270. 
VNOS-270 contains questions from VNOS-B, VNOS-C, and modified VNOS-C questions. 
VNOS-270 was formed based on the targeted NOS aspects and the usefulness of the items for 
reliability (R. Schwartz, personal communication, May 9, 2016). For example, the VNOS-C 
question concerning the structure of the atom, which was designed to target individuals’ 
understanding of the role of inferences and creativity in science, can lead respondents to focus on 
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atomic structure more so than intended. The modified version of this question as it appears on 
VNOS-270 circumvents this issue by providing different examples of specific phenomena 
scientists study but cannot see and asking how scientists determine what they look like. In 
another example, VNOS-270 contains a VNOS-B question that does not appear on VNOS-C. 
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Table 2 
VNOS-B Modifications to Form VNOS-C form VNOS-C 
VNOS-B 
(Abd-El-Khalick et al., 1998)  
VNOS-C  
Abd-El-Khalick (1998) 
Item 1. After scientists have developed a theory 
(e.g., atomic theory), does the theory ever 
change? If you believe that theories do change, 
explain why we bother to teach scientific 
theories. Defend your answer with examples.  
Item 4. After scientists have developed a scientific theory, 
does the theory ever change? 
If you believe that scientific theories do not change, explain 
why. Defend your answer with examples.  
If you believe that scientific theories do change: (a) Explain 
why theories change? (b) Explain why we bother to learn 
scientific theories? Defend your answer with examples.  
Item 2. What does an atom look like? How do 
scientists know that an atom looks like what 
you have described or drawn?  
Item 6. Science textbooks often represent the atom as a central 
nucleus composed of protons (positively charged particles) and 
neutrons (neutral particles) with electrons (negatively charged 
particles) orbiting the nucleus. How certain are scientists about 
the structure of the atom? What specific evidence, or types of 
evidence, do you think scientists used to determine what an 
atom looks like?  
Item 5. Scientists perform scientific 
experiments/investigations when trying to 
solve problems. Do scientists use their 
creativity and imagination when doing these 
experiments/investigations?   
Item 10. Scientists perform experiments/investigations when 
trying to solve problems. Other than the planning and design 
of these experiments/investigations, do scientists use their 
creativity and imagination during and after data collection? 
Please explain your answer and provide examples if 
appropriate. 
Item 7. Some astronomers believe that the 
universe is expanding while others believe 
that it is shrinking; still others believe that the 
universe is in static state without any 
expansion or shrinkage. How are these 
different conclusions possible if all of these 
scientists are looking at the same experiments 
and data?  
Item 8. It is believed that about 65 million years ago the 
dinosaurs became extinct. Of the hypothesis formulated by 
scientists to explain the extinction, two enjoy wide support. 
The first, formulated by one group of scientists, suggests that a 
huge meteorite hit the Earth 65 million years ago and led to a 
series of events that caused the extinction. The second 
hypothesis, formulated by another group of scientists, suggests 
that massive and violent volcanic eruptions were responsible 
for the extinction. How are these different conclusions possible 
if scientists in both groups have access to and use the same set 
of data to derive their conclusions? 
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The question, “How are science and art similar? How are they different?” assesses the role of 
imagination and creativity in science. This question, in conjunction with the other question 
designed to assess views of creativity in science, can provide more information on participants’ 
interpretations of the role of imagination and creativity in science, which can make the data more 
reliable. The VNOS-270 questionnaire is in Appendix E. 
Despite the popularity of the VNOS instrument in assessing NOS conceptions, it does 
have its criticisms. In his discussion of the Nature of Whole Science, Allchin (2011) highlighted 
several criticisms. One such criticism is the list of NOS statements used to develop the VNOS. 
Allchin asserted that, “NOS understanding needs to be functional, not declarative. The consensus 
lists are thus deficient or their focus misplaced” (p. 523). Additionally, Allchin asserted that 
VNOS items lack context and are irrelevant. For example,  
VNOS-C asks, ‘What is an experiment.’ In the context of science in personal and social 
decision making, this question is rather metaphysical and irrelevant. What matters instead 
is whether the evidence, derived through experiment or observation—or any other 
means—is trustworthy. (p. 523) 
 
Allchin also highlighted the item that asks respondents to distinguish between laws and theories. 
Again, Allchin reported that, “Least of all does one need to distinguish between laws and 
theories. What matters, again, is how one ascertains the degree of confidence in a particular 
claim” (p. 523).  
However, Allchin’s (2011) critique of the VNOS items is not void of problems and 
critiques. Allchin represented the VNOS items as simple declarative statements that are 
essentially irrelevant. Schwartz, Lederman, and Abd-El-Khalick (2012) responded to Allchin’s 
critique by stating that Allchin misrepresented the VNOS items as agree/disagree statements. In 
fact, Schwartz et al. (2012) reported that, “The VNOS items are far from agree/disagree choices 
or short response items. The examples he provides are incomplete” (p. 688). For example, 
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Allchin included the partial VNOS item, “After scientists have developed a scientific theory, 
does the theory ever change?” (p. 527). The actual VNOS question read,  
After scientists have developed a scientific theory (e.g., atomic theory), does the theory 
ever change? If you believe that scientific theories do not change, explain why. Defend 
your answers with examples. If you believe that scientific theories do change, (a) explain 
why theories change and (b) explain why we bother to learn scientific theories? Defend 
your answer with examples. (VNOS Questionnaire) 
 
For another example, Allchin (2011) simply included “What is an experiment?” as one of 
the VNOS items. Just taking this question for its face value, it is rather shallow and arguably 
irrelevant to science education. However, Allchin failed to incorporate the entire VNOS 
statement, “What is an experiment? Does the development of scientific knowledge require 
experiments? If yes, explain why. If no, explain why. Give an example to defend your position” 
(VNOS Questionnaire). Allchin’s failure to include the entire VNOS item happens several times 
throughout his critique, which severely weakens the context of the question and diminishes the 
role of “open-ended items aimed at eliciting respondents’ understandings about NOS aspects and 
supporting examples” (Schwartz et al., 2012, p. 688).  
Allchin (2011) argued against the importance and relevancy of distinguishing between 
theories and laws, because he stated early that, “Least of all does one need to distinguish between 
laws and theories” (p. 523). As an example, Allchin used the theory of evolution and suggested 
that “the best way to disarm criticism of evolution as ‘merely a theory’ may not be by clarifying 
the meaning of the term ‘theory,’ but rather by rendering the whole discussion moot by 
redirecting focus to the robustness of the evidence” (p. 523‒524). Schwartz et al. (2012) believed 
not helping students understand this distinction was “quite concerning.” Furthermore, they 
stated, 
Allchin’s suggestion that we should not focus attention on helping dispel misconceptions 
about theory and law ignores the research, and ignores the needs of the learner from the 
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context of developing scientific literacy, which is crucial to functioning in the 21st 
century. (p. 690) 
 
Despite the criticisms of the VNOS instrument in assessing NOS conceptions, it is 
currently the most used NOS instrument in science education research (Abd-El-Khalick, 2014). 
The use of an open-ended, constructed response questionnaire coupled with follow-up semi-
structured interviews generates the least ambiguity and “ensures a high degree of congruence 
between researchers’ interpretation and respondents’ intended meaning in relation to their NOS 
understandings” (Aikenhead, 1988, p. 634). Because the goal of the current study was to gain an 
in-depth understanding of participants’ understanding of NOS, specifically how they may or may 
not think of science as culturally and socially influenced, allowing them the opportunity to 
provide their viewpoint with supporting examples and details is necessary. The VNOS allowed 
the researcher to generate rich, descriptive profiles that forced-choice instruments do not allow.  
Culturally Relevant Pedagogy  
The use of culturally relevant pedagogy (CRP) is one method that can be successful in 
narrowing the achievement gap between White students and minority students (Ladson-Billings, 
1995a). Ladson-Billings (1995a) defined CRP as pedagogy of opposition not unlike critical 
pedagogy but specifically committed to collective, not merely individual, empowerment. 
Culturally relevant pedagogy rests on three criteria or propositions: (a) students must experience 
academic success, (b) students must develop and/or maintain cultural competence, and (c) 
students must develop a critical consciousness through which they challenge the status quo of the 
current social order. 
It is important to note that Paris (2012) offered a new term for this theoretical framework, 
culturally sustaining pedagogy (CSP), which Ladson-Billings (2014) embraced by 
acknowledging that culture is fluid and that culturally sustaining pedagogy allows for this fluid 
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understanding of culture that embraces the past, present and future, and a teaching practice that 
explicitly engages questions of equity and justice. Paris reported that CSP “seeks to perpetuate 
and foster—to sustain—linguistic, literate, and cultural pluralism as part of the democratic 
project of schooling” (p. 95). CSP is more relevant to the specific actions teachers take in the 
classroom to help students sustain their cultural competence while CRP is a more holistic 
framework of teaching. Therefore, CRP was used in this study rather than CSP.  
 Ladson-Billings (1995b) asserted that in order to be active participants in a democracy, 
students must develop their academic skills. In Ladson-Billings’ (1995a) study of successful 
teachers of African American students, “All of the teachers demanded, reinforced, and produced 
academic excellence in their students” (p. 160). While Ladson-Billings (2005) noted that CRP is 
a highly contextualized pedagogical framework, she cited examples of how it can be used in the 
classroom. In order to promote academic success in a high school English class, a teacher could 
put the play Romeo and Juliet in the context of students’ dating struggles with parents. She 
further noted that a discussion about suicide rates and desperation can occur when teenagers are 
unable to communicate with their parents. Ladson-Billings (2005) argued that teachers should 
not take the curriculum as given. They should look at a curriculum and ask themselves what 
students should be able to accomplish by studying these concepts. Ladson-Billings (2005) 
defined cultural competence as,  
Helping students to recognize and honor their own cultural beliefs and practices while 
acquiring access to the wider culture, where they are likely to have a chance of improving 
their socioeconomic status and making informed decisions about the lives they wish to 
lead. (p. 37) 
 
Ladson-Billings (2005) argued that teachers should focus on what would improve the 
lives of their students, and the families and communities they serve. In order to do this, the 
teacher has to build a bridge between their students and school, which requires knowledge of 
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both the dominant culture as well as the cultures of their students. One poignant example of 
bridging home and school culture together to promote cultural competence, Ladson-Billings 
cited a forensics coach who won local, state, and national forensic competitions. The forensics 
team was composed primarily of African American and Hispanic students who presented the 
writings of African American and Hispanic writers to an upper-middle class audience to win 
competitions. In this example, students were experiencing the wider culture, while 
simultaneously retaining their own. 
 Finally, Ladson-Billings (1995b) argued that, “Students must develop a broader 
sociopolitical consciousness that allows them to critique the cultural norms, values, mores, and 
institutions that produce and maintain social inequities” (p. 162). This argument was based on 
the notion that if school is preparing students for participation in a democracy, then critiquing 
society should be a part of that preparation. Before teachers are able to craft instruction targeting 
specific inequities in society, they must first educate themselves about the inequities and 
incorporate it into instruction. One example Ladson-Billings (2005) highlighted was that of 
students involved in community problem solving. Students were particularly unhappy living in a 
community plagued with crime and drugs. With the help of the teacher, the students developed a 
community study that included a comparison between past and present conditions and a land-use 
plan that was presented to the city council.  
In order for students to achieve the three tenets of CRP, Ladson-Billings (1995b) argued 
that teachers must exhibit three broad characteristics of teacher-enacted CRP: (a) teacher 
conceptions of self and others, (b) teacher-structured social relations, and (c) teacher conceptions 
of knowledge. These three broad characteristics emerged from Ladson-Billings’ (1990) study of 
teacher beliefs and behaviors and how they assisted in the success of Black students. This 
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preliminary study eventually turned into Ladson-Billings’ (1994/2009) highly acclaimed book, 
The Dreamkeepers: Successful Teachers of African American Children. In this ethnographic 
study, Ladson-Billings’ purpose was to document the practices of highly successful teachers of 
African American students. To select the teachers, she relied on community nomination, where 
community members such as parents and school principals nominated teachers. Parents 
identified these teachers on the basis of the teachers’ willingness to include parents in the 
educative process, their demand for academic excellence, and their ability to discipline without 
demeaning or abusive behavior. The school principals identified the teachers based on the 
teachers’ standardized test scores and their overall effectiveness with African American students. 
Nine teachers were on lists provided by both the parents and principals. All nine were contacted 
to participate in the study but only eight teachers made up the final sample.  
Ladson-Billings (1990, 2009) used several methods to document the characteristics of the 
successful teachers, including interviews, classroom observations, and group meetings. The 
initial interview questions are included in Appendix F. The teachers all emphasized different 
questions and different follow-up questions were asked based on responses given. The interviews 
were transcribed and coded twice—initially using a computer program to search for key words 
and phrases and then hand-coded, searching for key phrases related to pedagogy and culture. 
Classroom observations took place over two consecutive academic school years. Each 
observation lasted from 90 minutes to 2 hours, visiting each classroom at least once per week. 
All observations were audiotaped and some were videotaped, depending on the comfort level of 
the teacher. Analysis of the data revealed themes concerning (a) the teachers’ conceptions of 
themselves and others, (b) the way social relations are structured in their classrooms, and (c) 
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their understandings about knowledge and content. These themes constitute what Ladson-
Billings (1990) called culturally relevant teaching.  
The first theme emerging from her study was teacher conceptions of self and others. The 
essence of this theme is what teachers believe about themselves and others influence how they 
frame their instructional goals and expectations. Culturally relevant teachers expressed a 
commitment to teaching beyond imparting knowledge of basic skills, revealed a love for 
teaching and an understanding of children, and expressed a belief that all students can succeed 
(Ladson-Billings, 1990). For example, in the middle of a lesson, one teacher mentioned that she 
went to her bookshelf, pulled down an African folk tale about a princess, and shared the story 
with the class in order to challenge the students’ belief that every princess has long, blonde hair.  
I didn’t plan to insert that book, but I just couldn’t let them go on thinking that only 
blonde-haired, White women were eligible for royalty. I know where they get those 
ideas, but I have a responsibility to contradict some of that. The consequences of that 
kind of thinking are more devastating for our children. (Ladson-Billings, 1995a, p. 
479) 
 
This example highlighted the spontaneity and creativity of one teacher. The teacher was able to 
shift gears quickly in the middle of a lesson to help the students make a connection with their 
own identity. Table 3 contains more culturally relevant teacher conceptions of self and others.  
Another theme to emerge from Ladson-Billings’ (1990) study was of teacher-structured 
social relations in the classroom. Culturally relevant teachers create a classroom social structure 
in which student-teacher relationships are fluid, students are encouraged to learn collaboratively 
and be responsible for others, and there is a connectedness between the students and teachers 
(Ladson-Billings, 1994/2009). For example, teachers in the study acknowledged the expertise in 
the classroom by asking students to check with other students in the classroom before asking her. 
One teacher asked, “Did you ask Jamal how to do those math problems?” and another 
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Table 3  
 
Culturally Relevant Teacher Conceptions of Self and Others 
 
Culturally relevant  Assimilationist   
Teacher sees herself as an artist, teaching as an art.  Teacher sees herself as a technician, teaching as a 
technical task. 
Teacher sees herself as part of the community and 
teaching as giving something back to the community, 
she encourages students to do the same.  
Teacher sees herself as an individual who may or may 
not be a part of the community; she encourages 
achievement as a means to escape community.  
Teacher believes all students can succeed.  Teacher believes failure is inevitable for some.  
Teacher helps students make connections between their 
community, national, and global identities.  
Teacher homogenizes students into one American 
identity.  
Teacher sees teaching as “pulling knowledge out”—
like “mining.” 
Teacher sees teaching as “putting knowledge into”—
like “banking.” 
Note: Adapted from “The Dreamkeepers: Successful Teachers of African American Children,” by G. Ladson-
Billings, 1994/2009, p. 38. Copyright 2009 by Jossey-Bass. 
 
teacher instructed students to “check with Latasha before you turn in your reading” (Ladson-
Billings, 1995a, p. 480). Not only are these teachers acknowledging the expertise that students 
bring to the classroom, students are expected to share this expertise with other members of the 
community of learners. Table 4 contains more details of the nature of social interactions in the 
culturally relevant teachers’ classrooms.  
The final theme that emerged from the study was how the teachers thought about 
knowledge. Culturally relevant teachers view knowledge as shared, recycled, and actively 
constructed by the learner. They also believe that knowledge must be viewed critically in order 
to recognize and critique social inequalities. For example, Ladson-Billings (1994/2009) noted 
that many of the teachers took a critical stance toward the school curriculum they were to follow. 
Testing policies required teachers to teach certain material; however, one teacher engaged her 
students in a discussion around the information presented in a social studies textbook. This 
teacher sent one student on an errand and when the student returned, the teacher was sitting at the 
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Table 4 
Culturally Relevant Teacher Conceptions of Social Relations 
 
Culturally relevant Assimilationist 
Teacher-student relationship is fluid, humanely equitable, 
extends to interactions beyond the classroom and into the 
community.  
Teacher-students relationship is fixed, tends to be 
hierarchical, and is limited to formal classroom 
rules. 
Teacher demonstrates a connectedness with all students.  Teacher demonstrates connections with individual 
students.  
Teacher encourages a “community of learners.”  
Teacher encourages students to learn collaboratively.  
Teacher encourages competitive achievement.  
Students are expected to teach each other and be 
responsible for each other. 
Teacher encourages students to learn individually, 
in isolation. 
Note: Adapted from “The Dreamkeepers: Successful Teachers of African American Children,” by G. Ladson-
Billings, 1994/2009, p. 60. Copyright 2009 by Jossey-Bass. 
 
student’s desk, exclaiming that she discovered the many pencils, books, and other personal items 
in the student’s desk, which the teacher now claimed as her own. The teacher and student went 
back and forth about the ownership of the items until the teacher gave up and asked the students 
to turn to a chapter in the social studies book entitled, The Age of Discovery. In the discussion 
that ensued, the students inquired how someone can discover something that belonged to others, 
a direct challenge to the information presented in the social studies textbook. Table 5 contains 
more conceptions of knowledge held by culturally relevant teachers.  
This section presents the conceptual understandings of culturally relevant teachers in a 
variety of subjects. In order to help students become academically successful and develop 
cultural competence and a sociopolitical consciousness, Ladson-Billings (1995a) asserted that 
certain conceptions are necessary to have and that teacher educators and researchers are 
obligated to educate teacher candidates with a more expansive view of pedagogy. Teacher 
candidates should understand the role of culture (their own and their students) in the teaching 
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and learning process but it takes a concerted effort on the part of teacher educators, schools of 
education, and the teacher candidate themselves to make this happen. 
Table 5  
Culturally Relevant Teacher Conceptions of Knowledge 
 
Culturally relevant Assimilationist 
Knowledge is continuously recreated, recycled, and shared 
by teachers and students. It is not static or unchanging.  
Knowledge is static and is passed in one direction, 
from teacher to student. 
Knowledge is viewed critically.  Knowledge is viewed as infallible.  
Teacher is passionate about content.  Teacher is detached, neutral about content.  
Teacher helps students develop necessary skills. Teacher expects students to demonstrate 
prerequisite skills.  
Teacher sees excellence as a complex standard that may 
involve some postulates but takes student diversity and 
individual differences into account. 
Teacher sees excellence as a postulate that exists 
independently from student diversity or individual 
differences. 
Note: Adapted from “The Dreamkeepers: Successful Teachers of African American Children,” by G. Ladson-
Billings, 1994/2009, p. 89. Copyright 2009 by Jossey-Bass. 
 
 
Urban Teachers’ Understanding of CRP 
Love and Kruger (2005) explored the relationship between teacher beliefs and student 
achievement in urban schools serving African American students. Love and Kruger noted that 
the literature is void of any measure of teachers’ culturally relevant beliefs and how these beliefs 
are related to student achievement. The researchers completed two studies, one to sample the 
beliefs of teachers in six urban schools and the second study to correlate the beliefs with 
standardized test scores.  
In Study 1, Love and Kruger (2005) sampled six urban schools, all with a high 
percentage of African American children. From the six schools, 244 teachers, paraprofessionals, 
counselors, principals, instructional specialists, and media specialists became the participants. Of 
the participants, 48% were African American, 42% were Caucasian, 7% did not report a race, 
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and 3% were Latino/Hispanic, Indian, Asian, and biracial. Love and Kruger created 48 survey 
items that measured culturally relevant beliefs from Ladson-Billing’s (1994/2009) framework. 
Twenty-five statements reflect the beliefs and practices consistent with culturally relevant 
teaches while the other 23 statements are consistent with the beliefs and practices of 
assimilationist teaching. The survey was distributed at faculty meetings by the researchers. 
Participants responded to each statement using a 5-point, Likert scale. Love and Kruger found 
that the participants overwhelmingly agreed with several of the statements consistent with 
culturally relevant pedagogy.  
In Study 2, Love and Kruger (2005) used two of the six schools included in Study 1. The 
participants included 50 of the 244 participants included in Study 1. All of these participants 
were lead classroom teachers. Of the participants, 70% were African American, 28% were 
Caucasian, and 2% were Indian. The researchers correlated the survey items with the teachers’ 
students’ (n = 1,432) standardized achievement scores on the ITBS assessment. The correlations 
indicated that some culturally relevant statements were positively correlated with students’ 
reading achievement and mathematics achievement. Furthermore, some statements consistent 
with assimilationist teaching beliefs and practices were positively correlated with achievement in 
language arts and reading.  
Love and Kruger (2005) posited that there may be more than one way to teach African 
American children. Successful teachers of African American children may have a myriad of 
pedagogy beliefs. Love and Kruger also suggested that teacher preparation programs should 
include components to help preservice teachers examine their beliefs related to knowledge, race, 
culture, teaching practices, teaching as a profession, expectations of students, and social relations 
within and beyond the classroom.  
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Science Teachers’ Understanding of  CRP 
The following section presents empirical research on science teachers’ understanding of 
culturally relevant pedagogy. In order to meet the social, cultural, and political needs of children, 
educators first must know and understand their needs. A large number of preservice teacher 
candidates are not aware of specific cultural needs, which can then carry over into teaching and 
learning in the classroom (Sleeter, 2001). This lack of awareness can lead to instruction that is 
not culturally relevant and re-produces “systemic oppression, cultural discontinuity, and 
educational hegemony in schools” which can lead to students having “increased depression and 
decreased self-esteem, among other negative psychological symptoms” (Cholewa, Goodman, 
West-Olatunji, & Amatea, 2014, p. 575). Therefore, it is important to examine the teachers’ 
understandings of CRP, as teachers may not have the knowledge necessary to teach in a 
culturally responsive manner.  
Johnson (2011) explored the impact of professional development, using the 
transformative professional development (TPD) model as a framework, on culturally responsive 
pedagogy on teachers’ practices in the classroom. Johnson specifically explored how middle 
school science teachers who participate in TPD transform their conceptions and practice as they 
enact culturally relevant pedagogy in their classrooms. TPD is predicated on the idea that 
through sustained, collaborative professional development, climates of schools, as well as beliefs 
and practices of teachers, can be positively transformed. In Johnson’s study, TPD was developed 
as a guide to translate culturally relevant pedagogy into practice for science teachers working 
with large Hispanic populations in low-income schools. Culturally relevant pedagogy through 
TPD was used as an equity tool because many of the students entered middle school with limited 
English and science proficiency. The TPD model included (a) the development of student 
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conceptual understanding through culturally relevant science and effective teaching methods that 
incorporate literacy and language strategies; (b) a focus on building relationships between 
teachers and their colleagues, teachers and students, and teachers and university faculty 
members; and (c) creation of positive school and classroom climate change.  
Johnson’s (2011) study took place in an urban district chosen because of the growing 
population of Hispanic students. The school district wanted to improve diverse students’ access 
to science. No definition was given to the word urban. Initially, eight teachers participated but 
due to school closings, retirements, and teachers moving to different districts, only two teachers 
completed the entire TPD program at the targeted schools. The schools had a high percentage of 
Hispanic students and a high percentage of students eligible for free lunch. The schools and 
teachers chosen were identified based on science proficiencies and if they had a large population 
of Hispanic students. The two teachers completed the entire 3-year TPD program. These two 
teachers received 3 years of support, including some time during the summer and 8 days of 
professional development during the academic year. Each year, the TPD topic changed. In Year 
1, topics were centered on effective science instructional strategies, establishing positive 
expectations, and cooperative learning. In Year 2, topics were centered on creating lessons and 
units, scaffolding, cooperative learning, teacher empowerment, classroom management, and 
cultural aspects of their students’ lives as it relates to science. In Year 3, TPD was centered on 
assessments, writing, and journaling in science and culturally responsive pedagogy.  
Over the 3-year span, multiple data collection methods were employed. Classroom 
observations were made by independent raters; however, no mention was made of who the raters 
were and the connection they had with the study. Additionally, teachers self-reported teaching 
practices in interviews and focus group sessions. Six interviews, two per academic school year, 
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nine focus group interviews (three per academic school year), and 24 classroom observations 
(eight per academic school year) were conducted. The interviews were semi-structured and open-
ended. Both the focus groups and interviews were recorded and transcribed. In both the focus 
groups and interviews, the following topics were routinely addressed: (a) beliefs about teaching 
science and participating in a professional learning community of critical friends; (b) 
expectations of students, individual needs of students, and developing relationships with 
students, connecting with community; (c) school climate, including administrative support and 
district issues that inﬂuenced teaching; and(d) discussions of culture, socioeconomic status, and 
ethnicity and the relationship of each to classroom instruction.  
The data were analyzed concurrently and then repeatedly at the conclusion of data 
collection to identify trends across the study (Johnson, 2011). To validate the findings, member 
checks were completed before the researchers analyzed the data. All data were coded using the 
three broad characteristics of culturally relevant pedagogy: (a) teacher conception of self and 
others, (b) teacher-structured social relations, and (c) teacher conceptions of knowledge.  
Johnson (2011) found that the transformative professional development enabled the 
participants to transform their practice to focus on culturally relevant pedagogy that ultimately 
resulted in the increase in academic performance for Hispanic students. In terms of how middle 
school science teachers transform their practice and beliefs as they enact CRP in their 
classrooms, the teachers realized that there were inherent challenges their students experience 
that are out of their control and that opportunities to learn for diverse students are sometimes 
inequitable. Furthermore, one teacher viewed his or her role as being someone who could 
provide those opportunities to learn. One of the teachers developed a mentoring program and the 
other teacher taught lessons after school. In regards to teacher-structured social relations, both 
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teachers understood the importance of mutual respect and valued relationships. Through their 
conceptions of knowledge, the teachers were able to enable students to develop critical 
consciousness using questioning authority and scientific evidence.  
Johnson’s (2011) findings may be generalized to teachers of students of other 
backgrounds with the ultimate goal of achieving equity in science education. Implications for 
this include the success of professional development models in transforming the teachers’ 
understanding of culturally relevant pedagogy, which led to them using this framework in the 
classroom. Furthermore, this study supported the idea that an effective professional development 
model, supportive school district, and willing and committed teachers may be all it takes to 
improve the academic performance of marginalized populations in science education.  
Kelly-Jackson and Jackson (2011) presented a case study of the beliefs and teaching of a 
teacher of African American students in a rural sixth-grade science classroom. Kelly-Jackson 
and Jackson noted that this case study was from a larger study that focused on the culturally 
relevant pedagogy beliefs and practices of middle school science teachers. Although no specific 
research questions were listed, the researchers stated that the goal of the case study was to 
emphasize how the teacher embraced culturally relevant pedagogy in her science instruction, 
using culturally relevant pedagogy as the theoretical framework.  
The study took place in a rural school in South Carolina that served predominantly low-
income African American students (Kelly-Jackson & Jackson, 2011). The school consisted of 
411 students in Grades 6‒12. The school was underperforming in science as measured by 
standardized test scores. The teacher, Sammie, a 36-year-old African American female, was in 
her fifth year of teaching sixth-grade science and social studies. Sammie attended a historically 
Black institution for her initial teaching certification and entered the teaching profession with 
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varying life experiences. Her colleagues and administrators considered her an exemplary teacher 
and awarded her as teacher of the year in her first 3 years at the school. 
Kelly-Jackson and Jackson (2011) collected extensive data during the study. Three 
classroom observations, 4 hours each, were conducted during and after school over 6 weeks. 
During the observations, extensive field notes were taken. Audio files from the observations 
were transcribed to capture the nature of the interactions between students and between students 
and the teacher. The researcher collected artifacts such as test scores, lesson plans, and student 
assignments to triangulate data sources. Interviews were conducted but no details about the 
interviews were presented. The data were coded as communication, cultural literacy, teacher-
facilitator, inclusive classroom environment, and community of learners.  
Kelly-Jackson and Jackson (2011) found that Sammie embraced culturally relevant 
pedagogy as her teaching framework. Sammie possessed adequate understandings of herself and 
others, knowledge, and collaborative social relations. Through the interviews, the researcher 
learned that Sammie had a strong sense of purpose in teaching to “help students meet their fullest 
potential emotionally, intellectually, physically, and socially” (p. 410). Through classroom 
observations and the nature of assignments given to the students, Kelly-Jackson and Jackson 
learned Sammie believed in a community of learners. Several posters in the room displayed this 
notion and many classroom assignments required collaboration among the students. Finally, 
during many of the lab discussions, students were engaged in constructing knowledge from the 
lab activity. Sammie believed that knowledge is created and not static. Sammie further 
commented that, “Given the opportunity for input, students generate ideas and set goals that 
make for much richer activities that I could have created or imagined” (p. 412). One major 
implication of this study was that “one’s pedagogical stance is just as important as content 
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competency in effectively teaching science to students of color” (p. 412). Kelly-Jackson and 
Jackson also noted that literature on culturally relevant teaching in science is near absent. 
Literature on science teachers’ understanding of CRP in urban contexts is limited. The 
literature that does exist focuses methodologically on cases where teachers have already been 
identified as culturally relevant and then look at either what makes them successful (Milner, 
2011) or their beliefs and how they impact teaching and learning (Kelly-Jackson & Jackson, 
2011). In addition, literature focuses on changing teachers’ understanding of CRP. Johnson 
(2011) suggested that professional development helps teachers transform their views about CRP. 
Professional development would be most beneficial to urban teachers who teach a large 
percentage of minoritized students because it is this population of students that historically 
underperforms in science as measured by standardized test scores (Darling-Hammond, 2010; 
Noguera, 2003). Furthermore, it is this population who largely does not go on to pursue careers 
in science (Beasley & Fisher, 2012; National Science Foundation, 2007), is the fastest growing 
population in the country (Palmer et al., 2011), and is the largest percentage of students in U.S. 
public schools (Badger, 2014). Studies that focus on ascertaining how urban secondary science 
teachers understand CRP are limited.  
Relationship Between Nature of Science and Culturally Relevant Pedagogy  
Nature of science (NOS) is an important concept in a quality science education. NOS 
refers to “the epistemology of science, science as a way of knowing, or the values and beliefs 
inherent to scientific knowledge and its development” (Lederman, 1992, p. 331). Culturally 
relevant pedagogy (CRP) is a theoretical model that not only addresses student achievement but 
also helps students to accept and affirm their cultural identity while developing critical 
perspectives that challenge inequities that schools (and other institutions) perpetuate. Ladson-
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Billings (1995a) defined CRP “as a pedagogy of opposition not unlike critical pedagogy but 
specifically committed to collective, not merely individual, empowerment” (p. 160).  
Furthermore, Ladson-Billings (1995a) asserted that CRP “rests on three propositions: (a) 
students must experience academic success, (b) students must develop and/or maintain cultural 
competence, and (c) students must develop a critical consciousness through which they challenge 
the status quo of the current social order” (p. 160). The relationship between NOS and CRP is 
not immediately recognizable; however, I argue that both NOS and CRP are crucial frameworks 
that aid in the academic success of students, including minoritized students. NOS is a concept 
that can be used within a culturally relevant pedagogical framework because both NOS and CRP 
are concepts that address the social and cultural influences on science and in teaching and 
learning, respectively. Furthermore, I argue that teaching NOS is a challenge to the status quo 
that supports the foundation of CRP.  
Science can be described as a culture as well with its own set system of meaning, 
symbols, objects, and tools with which scientists use and interact (Aikenhead, 1996; Settlage & 
Southerland, 2012). NOS is central to the culture of science. However, in order for science 
educators to teach the culture of science, they must first envision science as a culture. Nieto 
(1999) noted that,    
Culture can be understood as the ever-changing values, traditions, social and political 
relationships, and worldviews shared by a group of people bound together by a 
combination of factors that can include a common history, geographic location, language, 
social class, and/or religion. Thus it includes not only tangibles such as foods, holidays, 
dress, and artistic expression but also less tangible manifestations such as communication 
style, attitudes, values, and family relationships. (p. 111) 
 
The following list contains norms, values, and beliefs of the cultural features of Western 
science: masculine, empirical, elitist, objective, impersonal, rational, universal, decontextualized, 
violent, value-free (Aikenhead, 1996). School science typically transmits these images of science 
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that are inconsistent with NOS (Aikenhead, 1996). For students from non-Western, non-
European backgrounds, this can seem “foreign and frightening” (Settlage & Southerland, 2012, 
p. 26). The transmission of stereotyped images of science can affect the career choices of some 
students (Aikenhead, 1996) and it can affect science learning (Lee, 2004). When the cultural 
practices of the scientific community are not aligned with the cultural understandings of the 
student, science learning can become challenging (Lee, 2004; Lemke, 2001). Furthermore, 
ethical issues emerge when the culture of science is at odds with and/or is forced upon students 
who do not share the same cultural system. School science traditionally attempts to enculturate 
or assimilate students into the culture of science, which has the effect of marginalizing students’ 
cultural ways of knowing (Aikenhead, 1996; Cobern & Aikenhead, 1998; Stanley & Brickhouse, 
1994). Without culturally relevant pedagogical practices, such as NOS instruction, aimed at 
bridging students’ cultural knowledge and the culture of science, science instruction promotes a 
form of symbolic violence, where one way of knowing dominates and seeks to replace other 
ways of knowing (Meyer & Crawford, 2011). Therefore, science instruction needs to address 
both scientific content-matter as well as scientific ways of knowing. Researchers such as Meyer 
and Crawford (2011) and Settlage and Southerland (2012) have advocated that an emphasis on 
NOS in the science curriculum will help students become familiar with and work within the 
culture of science as well as helps students navigate between their own understandings and 
school science. Teaching NOS is a direct challenge to the status quo. Studies have shown that 
teaching NOS in the science curriculum is hindered by a number of factors (Abd-El-Khalick et 
al., 1998; Lederman & Lederman, 2014).  
NOS for K‒12 learners supports the notion that science and scientific knowledge is 
tentative, theory-laden, and socioculturally embedded (Lederman, 2007). The NOS framework 
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could frame science, its culture, and its limitations for diverse groups and may subsequently 
increase the accessibility of science (Meyer & Crawford, 2011). For example, explicit instruction 
about science and scientific knowledge being socially and culturally embedded may help 
students to see the cultural and social impacts on science.  
One example of the sociocultural embeddedness of science highlighted in the biological 
sciences is organ and body donations for medical and anatomical research. Roach (2003) argued 
that limits are placed on organ donation and body donations based on the Uniform Anatomical 
Gift Act of 1968 and subsequent revisions. This particular legislation details the specifics of 
organ donations for transplantation and the conditions for body donations and who makes the 
decisions for the deceased (National Conference of Commissioners on Uniform State Laws, 
2006). One could also examine the impact of different religions and philosophical doctrines on 
anatomical research. In Britain during the 18th and 19th centuries, body donations to science 
were uncommon because of the Christian belief that one could be resurrected from the grave 
(Roach, 2003). In ancient China, Confucian doctrine considered dissection a defilement of the 
human body and forbade its practice. The Islamic religion under Taliban rule banned medical 
instructors from dissecting cadavers or using skeletons to teach anatomy. Lederman (2007) noted 
that Western science did not accept the practice of Chinese acupuncture until Western scientists 
could develop explanations for its acclaimed success. Being explicit about the social and cultural 
influences on science and the development of scientific knowledge may help students see science 
as a cultural endeavor and help them retain their own cultural understandings and ways of 
knowing (Meyer & Crawford, 2011).  
Explicit instruction about the tentative nature of science and scientific knowledge may 
help students understand how scientific knowledge is developed and what causes it to change 
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over time. One example that could be highlighted is the shift in scientific thought from the 
geocentric model (Earth-centered) of the solar system to the heliocentric model (sun-centered) of 
the solar system. The geocentric model of the solar system (Ptolemaic theory) was the leading 
theory for over 1,500 years. However, in 1543, Copernicus, a Polish astronomer, published a 
new theory that was at odds with Ptolemaic theory. According to Copernicus, the sun was at the 
center of the universe and all of the other planets, including Earth, revolved around the sun. The 
discoveries of other scientists including Kepler and Galileo helped shift the scientific community 
toward Copernicanism (Okasha, 2002). By presenting the nature of science and scientific 
knowledge as tentative, it may help students see that science is not static and is a social process 
of knowledge (Meyer & Crawford, 2011). Driver, Asoko, Leach Mortimer, and Scott (1994) 
linked the importance of NOS in science education to the development of scientific knowledge. 
They asserted that, 
The view of scientific knowledge as socially constructed and validated has important 
implications for science education. It means that learning science involves being initiated 
into scientific ways of knowing. Scientific entities and ideas, which are constructed, 
validated, and communicated through the cultural institutions of science, are unlikely to 
be discovered by individuals through their own empirical enquiry; learning science thus 
involves being initiated into the ideas and practices of the scientific community and 
making these ideas and practices meaningful at an individual level. (Driver et al., 1994, p. 
6) 
 
Explicit NOS instruction might help students make delineations between what science is and 
what it is not and to recognize its limitations; thus challenging the notion of the authoritative role 
science has in Western culture (Duschl, 1988; Meyer & Crawford, 2011). Science is presented in 
science classrooms as “absolute truth and as a final form,” a “gross distortion” from the nature of 
science (Duschl, 1988, p. 51). Instruction that challenges this notion of an authoritative science, 
including explicit NOS instruction, is a direct challenge to the status quo. This type of instruction 
may improve the accessibility of science. 
 70 
 
Science Teacher Understanding of CRP and NOS and Classroom Practice 
Studies that examine science teacher understandings of both NOS and CRP and 
investigating any possible relationship between these understandings are absent from the 
literature. However, on a conceptual level, there are relationships between NOS and CRP that 
may become evident in science instruction if science teachers have an adequate understanding of 
both NOS and CRP. This section is an exploration of the relationships between NOS and CRP 
and how it might translate into instruction in the science classroom.  
Figure 1 is an illustration of the relationships between culturally relevant teachers’ 
conceptions of self/others and NOS as science teachers might understand it. For example, 
science teachers who recognize the inherent role of imagination and creativity in science may 
also recognize the importance of not only believing students are capable of academic success, 
but also teaching in a way that promotes academic success. This includes “teaching as mining” 
which requires knowledge of students, their funds of knowledge, and how to “pull knowledge 
out” of students (Ladson-Billings, 1994/2009, p. 38). Science teachers may also see their 
pedagogy as an art in that it is unpredictable because of the nature of social and cultural 
interactions in the classroom, which also indicates they may understand the tentative nature of 
science as well as the sociocultural embeddedness of science.  
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Figure 1. Culturally relevant teacher understanding of self and others and NOS relationships. 
The relationships between culturally relevant teacher-structured social relations in the 
community and the classroom and various NOS aspects as science teachers may see them as 
presented in Figure 2. Teachers with adequate views of CRP recognize the value of the 
knowledge students bring to the classroom and they create a classroom culture where this 
knowledge is shared with others in the classroom, including the teacher; thereby, fostering a 
community of learners. These teachers may also recognize the social and cultural influences on 
science and the development of scientific knowledge. They may also recognize the tentative 
NOS; science is only tentative because of social and cultural factors, and because of the creative 
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and inferential NOS (Lederman, 2007). 
 
 Figure 2. Culturally relevant teacher conceptions of social relations and NOS relationships. 
Figure 3 is an illustration of the relationships between culturally relevant teacher 
conceptions of knowledge and various NOS aspects. Teachers with adequate views of culturally 
relevant pedagogy recognize that knowledge is fallible and that it is tentative and socially 
constructed. Furthermore, these teachers recognize the importance of creativity in their pedagogy 
in order to scaffold and build bridges as well as to design and incorporate varying forms of 
assessment to fit the diversity of their students. Therefore, teachers may also recognize that 
science and scientific knowledge is tentative, theory-laden, inferential, and socially and 
culturally embedded.  
In addition to these relationships, there may be other overarching relationships between 
NOS and CRP. Recall that Aikenhead (1996) characterized the typical features of science using 
the following descriptions: masculine, empirical, elitist, objective, impersonal, rational, 
universal, decontextualized, violent, and value-free. If teachers believe in this inaccurate view of 
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Western science, they may be less inclined to consider the role of culture in science instruction 
and are less responsive to students because of culture conflict. Indeed, science teachers have 
been 
 
Figure 3. Culturally relevant teacher conceptions of knowledge and NOS relationships. 
 
documented to be less responsive to students because of their race, ethnicity, and/or culture 
(Atwater, Freeman, Butler, & Draper-Morris, 2010). On the other hand, if science teachers have 
an adequate view of science, they may be more inclined to consider the role of culture in science 
instruction and use it to improve science teaching and learning. It is important that science 
educators “make the commitment not only to learn about their students from diverse 
backgrounds, but to understand how the variety of student experiences and beliefs can enhance 
science curricular, instructional, and assessment/evaluation experiences” (Atwater, Lance, 
Woodard, & Johnson, 2013). Emdin (2011) noted that, “Issues seemingly separate from science 
education, such as culture, rituals, identity, and stereotypes, may ultimately trigger changes to 
 74 
 
exclusionary nature of the discipline” (p. 76). When students are transmitted stereotypical images 
and ideas about science, it interferes with the learning process (Atwater et al., 2013) and also 
creates identity issues with the students as many urban students cannot identify with traditional 
cultural symbols in science (Emdin, 2011). Improving the educational experiences and success of 
urban students in science education starts with teachers and their goals and pedagogical 
approaches (Darling-Hammond, 2011; Noguera, 2003). If educational researchers and teacher 
preparation programs are aware of the understandings science teachers have about CRP and 
NOS, two concepts that may improve urban student’s success in science, then those 
understandings can be targeted for professional development. 
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CHAPTER 3 
METHODOLOGY 
This chapter presents a review of the purpose statement, research questions, and guiding 
methodology for this study. It contains a description of the study design, methods, 
instrumentation, data analysis techniques, the role of the researcher, and strategies for ensuring 
trustworthiness of the study. Research suggests there is a relationship between NOS and CRP 
(Meyer & Crawford, 2011; Settlage & Southerland, 2012); however, research that focuses on 
NOS and CRP understandings of urban, public secondary science teachers is limited. Therefore, 
the purpose of this study was to explore urban, public secondary science teachers’ 
understandings nature of science (NOS) and culturally relevant pedagogy (CRP) and to explore 
any relationships between these two. The following research questions guided this study:  
1. What are urban secondary science teachers’ understandings of culturally relevant 
pedagogy? 
2. What are urban secondary science teachers’ understandings of nature of science? 
3. Is there a relationship between teachers’ understandings of nature of science and 
culturally relevant pedagogy? 
These questions were explored using phenomenography as the guiding research methodology.  
Study Design 
This study bears the distinctive characteristics of qualitative research as described by 
Creswell (2014):  
 The research will take place in the participants’ natural setting. 
 The researcher is the key instrument in data collection and analysis. 
 The data analysis process is both inductive and deductive. 
 The research is focused on learning the meaning that the participants hold about a 
phenomenon. 
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 The research design is emergent in that as the data is collected and analyzed, the data 
collection methods,  the research questions, the participants and even the sites may be 
modified. 
 The researcher is reflective about how their role in the study and their personal 
background, culture, and experiences hold potential for shaping their interpretations. 
 The researcher tries to develop a complex picture of the problem or issue under study. 
(p. 185‒186) 
 
The data collected in this study were examined using phenomenography. Phenomenography 
supports a qualitative research design.  
Characteristics of Phenomenography 
As described by Marton and Booth (1997), phenomenography is a research orientation 
that examines the role human experience plays in learning, by reporting variations in the ways 
participants experience a phenomenon. This research orientation was developed by Marton 
(1981) out of a growing interest in describing phenomena as seen, experienced, or understood by 
individuals. Marton (1986) stated that, “Phenomenography is a research method adapted for 
mapping the qualitatively different ways in which people experience, conceptualize, perceive, 
and understand various aspects of, and phenomena in, the world around them” (p. 31). Marton 
(1988) further posited that, “The basic idea of phenomenography is that each phenomenon can 
be experienced or conceptualized in a limited number of qualitatively different ways, and it is the 
task of phenomenography to map these understandings” (p. 196). In that vein, the focus of 
phenomenographic research is to find the variation that differentiates the phenomenon for the 
participants, rather than finding the singular uniting essence (Marton & Booth, 1997). Variations 
in the understandings of a phenomenon in phenomenographic research are presented as 
categories of description, which form the outcome space (Given, 2008).  
Phenomenography fits the purpose of this study, as it is a research tool focusing on and 
describing the various ways of understanding a phenomenon (Svensson, 1997). In many 
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phenomenographic studies, the primary method of data collection has been through semi-
structured interviews. However, several studies have used both written and spoken responses as 
data collection methods (Bruce, 1994; Kvale, 1983, 1996; Marton, 1986; Van Rossum & Schenk, 
1984). This is important to the current study as NOS understandings have primarily been 
generated using an open-ended questionnaire with follow-up interviews. Korksal and Sahin 
(2013) suggested that a phenomenographic study of understandings of NOS is needed because it 
is a more comprehensive analysis technique. Understandings of CRP have been generated by 
semi-structured and focus group interviews. Therefore, the use of phenomenography in 
ascertaining the NOS and CRP understandings of secondary science teachers was appropriate 
and allowed me to generate a comprehensive and collective analysis of the NOS and CRP 
understandings held by urban secondary science teachers. 
Study Context 
This study took place in large urban public school districts in the southeastern United 
States. Urban school districts are (a) school districts located in metropolitan communities, (b) 
serve students largely from many minoritized ethnic groups, and (c) have a large concentration 
of students from poverty-stricken families (Kopetz et al., 2006; Steinberg & Kincheloe, 2004). 
Furthermore, urban school districts also face issues of drug and alcohol abuse as well as crime, 
violence, and family issues in the communities they serve, which can socially and emotionally 
impact the students (Kopetz et al., 2006). The secondary science teachers in this study were 
drawn from this urban context. 
Selection of Participants 
Gaining access to participants is sometimes a political act that involves several stages 
(Glesne, 2016). To solicit participation, the researcher first made contact with building principals 
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to discuss the research proposal and the schools’ participation in the study. After obtaining 
approval from the building principals, the IRB application was then submitted to the school 
district research office for approval. After receiving approval from the district office, the 
researcher forwarded a copy of the approval letter to the school and worked with school 
administration to begin recruitment. Through the school administration, the researcher sent an 
email blast to science teachers soliciting their participation and describing the study (See 
Appendix G). After teachers informed the researcher of their interest, the researcher made 
contact with them to explain the study and to discuss the consent form (See Appendix H). The 
researcher provided the teachers a copy of the consent form via email and allowed them 3 
business days to review the form. After 3 business days, the researcher contacted the teachers to 
answer any questions they had about the form or the study and obtained their consent to 
participate in the study. At the end of this process, 10 secondary science teachers consented to 
participate (See Table 6). Each participant received a pseudonym. While there is no fixed sample 
size for a phenomenographic study, the sample should be a sufficient size in order to gather rich 
data and it should ensure that the amount of data remains manageable (Akerlind, 2005).  
This approach to participant selection is described as purposive sampling (Cohen, 
Manion, & Morrison, 2011). Even though purposive sampling was not the ideal sampling 
method, the participants in this study represented a wide variation in age, education, teaching 
experience, and subjects taught. Furthermore, Patton (2002) suggested findings from small 
diverse samples have the potential to identify emerging themes based on shared contexts.  
  
 79 
 
Table 6 
Profile of Urban Secondary Science Teachers Study Participants 
Teacher Ethnicity 
Education 
level 
Years of 
teaching 
experience 
Grade levels 
taught Subject areas 
Renee African American Specialist 16 Middle Life sciences 
Adrian Asian American Bachelors 6 Middle/High Physical sciences 
Lindsey White Masters 7 Middle Earth/Space sciences 
Omar African Masters 12 High Life sciences 
Suzanne Indian Masters 8 High Physical sciences 
Lucy White Bachelors 41 Middle/High Life sciences 
Beverly African Specialist 16 High Physical sciences 
Charlotte African American Masters 8 High Life sciences 
Caroline African American Masters 13 High Life/Physical sciences 
Charlie African American Masters 18 High Life/Physical sciences 
 
Data Collection Procedures 
The employed a 3-step process to collect the data needed to answer the research questions 
(See Figure 4). After approval was received to conduct the study and participants were chosen 
(Step 1), the researcher used four data collection techniques: (a) a demographic questionnaire, 
(b) a semi structured interview targeting understandings of CRP, (c) the VNOS-270 open-ended 
questionnaire, and (d) the VNOS-270 follow-up semi structured interview. This section contains 
a description of the instruments used to collect the data. 
Demographic Questionnaire 
Before beginning the interviews, each participant completed a demographic questionnaire 
(See Appendix I). The questionnaire items elicited information such as age, race, gender, 
subjects and grade levels taught, years of teaching experience, and educational background. Each 
participant brought the questionnaire to the first interview. 
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Figure 4. Overview of the research process.  
CRP Interview 
In order to assess understandings of CRP, the specific methods and protocol outlined in 
this section draw on the specific methods and protocol (See Appendix J) used by Ladson-Billings 
(1994/2009). One semi-structured interview ranging from 45 minutes to 60 minutes in length 
was conducted with each participant. Semi-structured interviews allow the researcher to follow 
with probing questions to elicit further details and description to the initial interview question 
(Roulston, 2013). For this study, a modified version of Ladson-Billings’ interview protocol was 
used (See Appendix K). In keeping with the phenomenographic research tradition, participants 
were allowed to discuss freely their views on the central themes found in Ladson-Billings 
(1994/2009) study: (a) conceptions of self/others, (b) social relations, and (c) conceptions of 
knowledge. Based on the length and quality of the responses, additional probing questions were 
used to learn more from the participants. The interview was audiotaped and transcribed for 
analysis.  
Step 1
•Solicit principal support and approval. 
•Seek school district approval. 
•Solicit support from teachers at approved schools. 
•Participant selection and IRB consent procedures
Step 2
•Demographic questionnaire
•CRP semistructured interview
•VNOS questionnaire administration
•VNOS follow-up interview
Step 3
•CRP data analysis
•NOS data analysis
•Answering the research questions
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VNOS Questionnaire and Interview  
The Views of Nature of Science (VNOS-270) questionnaire is an open-ended 
questionnaire used to assess understandings of NOS (See Appendix F). Specifically, the VNOS-
270 targets the following aspects of NOS: (a) tentative (subject to change), (b) subjective 
(theory-laden), (c) empirically-based (based on and/or derived from observations of the natural 
world), (d) product of human imagination and creativity, (e) socially and culturally embedded, 
(f) the functions of and relationships between scientific theories and laws, (g) the distinction 
between observation and inference, and (h) lack of a scientific method. Several studies have used 
VNOS to acquire teacher conceptions of NOS (i.e., Abd-El-Khalick & Lederman, 2000; 
Lederman et al., 2001; Mesci & Schwartz, 2017; Sarieddine & BouJaoude, 2014; Schwartz, 
Lederman, & Crawford, 2004).  
Participants received the questionnaire by email. They were told there were no right or 
wrong answers to any item. They were encouraged to write as much as possible and to provide 
examples (Lederman et al., 2002). In order to validate written responses given in the VNOS 
questionnaire, each participant participated in one follow-up interview, lasting about an hour 
(See Appendix L). During the interview, participants were provided their answers to the VNOS-
270 questionnaires and asked to explain and justify their responses. The purpose of the follow-up 
interview was to “clarify ambiguities, assess meanings that respondents ascribe to key terms and 
phrases, and explore respondents’ lines of thinking” (Lederman et al., 2002, p. 511). All 
interviews were audiotaped and transcribed for analysis.  
VNOS-270 is a combination of items from VNOS-B, VNOS-C, and modifications of 
VNOS-C items. The VNOS is currently the most used NOS instrument in science education 
research (Abd-El-Khalick, 2014). By using a semi-structured interview to follow up on the 
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participants’ responses to an open-ended, constructed response questionnaire “ensures a high 
degree of congruence between researchers’ interpretation and respondents’ intended meaning in 
relation to their NOS understandings” (Aikenhead, 1988, p. 634).  
Data Analysis 
Data analysis in qualitative research is an ongoing process as data collection proceeds 
(Denzin & Lincoln, 2000). Therefore, analysis began as data collection commenced and 
continued through the writing process. The constant comparison method was used to analyze 
both the CRP and NOS data. The use of the constant comparison method of analysis allowed for 
the collection and analysis of data until saturation was reached. The constant comparative 
method is an analytic technique developed by Glaser and Strauss (1967) for use in grounded 
theory research. They defined this technique as a process by which the properties and categories 
across the data are compared continuously until no more variation occurs. I used this analytic 
technique as it has been previously used in both NOS understanding research (Liu & Lederman, 
2007) and CRP understanding research (Milner, 2011; Esposito, Davis, & Swain, 2012; Esposito 
& Swain, 2009).  
Data Analysis for CRP 
The constant comparative method was used to analyze the CRP data. This method 
“combines inductive category coding with a simultaneous comparison of all social incidents 
observed” (Goetz & LeCompte, 1981, p. 58). As social phenomena are recorded and classified, 
they are also compared across categories. Thus, hypothesis generation (relationship discovery) 
begins with the analysis of initial observations. This process undergoes continuous refinement 
during the data collection and analysis process, continuously feeding back into the process of 
category coding. Goetz and LeCompte (1981) stated that, “As events are constantly compared 
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with previous events, new topological dimension, as well as new relationships, may be 
discovered” (p. 58). Using this analysis technique guided initial analysis and provided for the 
emergence of themes.  
After transcription, the data for CRP were coded using provisional coding. Saldaña 
(2016) defined provisional coding as a predetermined start list of codes derived from preparatory 
investigative matters such as a study’s conceptual framework (See Table 7). The provisional 
codes for CRP were the subthemes of CRP and have been used in other CRP research (Kelly-
Jackson & Jackson, 2011; Johnson, 2011; Ladson-Billings, 1994/2009).  
Table 7 CRP Provisional Codes and Descriptions 
 
CRP Provisional Codes and Descriptions 
 
CRP subthemes/provisional codes Description 
Teacher understanding of self and others Teachers believe all students can succeed 
Teachers view pedagogy as an art  
Teachers view teaching as mining  
Teachers see themselves as  members of the community  
Teacher-structured social relations Fluid teacher-student relationships 
Teachers demonstrate connectedness with all students  
Teachers develop communities of learners 
Teachers encourage all students to learn collaboratively with 
responsibility for others 
Teacher understanding of knowledge Teachers believe knowledge is not static—it is shared, recycled, and 
actively constructed by the learner, and knowledge must be viewed 
critically to recognize, understand, and critique current social 
inequalities 
  
After provisional coding, a continuum score was assigned to each participant for each 
subtheme of CRP using the criteria in Table 8. Each continuum score was then translated into a 
numerical score. The researcher used the continuum scores to help with the analysis of the 
participants’ understandings of CRP as a collective group.  
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Table 8 
Scoring for Participants’ Understandings of CRP and Its Components 
Level of understanding of components of CRP 
Continuum 
score 
Numerical 
score 
Assimilationist understanding  ‒ 0 
Mixed understanding  (+) 1 
Informed understanding  + 2 
Informed understanding and articulated this understanding in own words ++ 3 
Informed understanding, articulated this understanding in own words, and 
provided an example +++ 4 
 
 
Data Analysis for NOS 
The data were coded using provisional coding for each NOS aspect. Each teacher’s 
understanding of each NOS aspect emerged during the coding process and contributed to the 
outcome space as consistent with phenomenographic research. The variation in the collective 
understandings of the different aspects of NOS composed the outcome space. After the 
provisional coding was completed, a continuum score was assigned to each aspect of NOS 
according to criteria used in previous studies (Schwartz & Lederman, 2002; Schwartz et al., 
2004). Several examples of responses to the VNOS items and interview questions provided by 
Lederman et al. (2002) were used to help facilitate analysis of the participants’ responses in this 
study. It is important to note that these continuum scores are not absolute scores and do not 
imply any quantitative properties. The assigned continuum score facilitated analysis between 
participants and helped to characterize the NOS understandings of the group. Each continuum 
score was then translated into a numerical score. Table 9 contains a description of the continuum 
and numerical scoring for the NOS and its aspects.  
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Table 9 
Scoring for Participants’ Understandings of NOS and Its Aspects 
Level of understanding of aspects of NOS 
Continuum 
score 
Numerical 
score 
Naive understanding ‒ 0 
Mixed understanding  + 1 
Informed understanding  + 2 
Informed understanding and articulated this understanding in own words ++ 3 
Informed understanding, articulated this understanding in own words, and 
provided an example +++ 4 
 
Relationship Between NOS and CRP 
To determine any relationship between urban secondary science teachers’ understanding 
of NOS and CRP, the data were examined from varying perspectives. First, the researcher 
examined the data for previously established relationships between CRP and NOS to ascertain 
any possible relationship between the participants’ understanding of NOS and CRP. These 
relationships served as the basis for comparisons (see figures 1-3). For example, teachers with an 
informed understanding of CRP recognize that knowledge is fallible, that it is tentative, and 
socially constructed. In that vein, they may also recognize the sociocultural embeddedness of 
science. Teachers with an informed view of CRP recognize the importance of creativity in their 
pedagogy in order to scaffold and build-bridges as well as to design and incorporate varying 
forms of assessment to fit the diversity of their students. Teachers may also recognize the 
imagination and creativity in science and the production of scientific knowledge. In addition to 
individual analysis, I looked for patterns among the group data. I used the CRP and NOS 
continuum scores of the group to look for patterns. For example, if, as a group, the participants 
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have an informed (+++) view of the sociocultural embeddedness of science, the group might also 
have an informed view of social relations in the classroom in that they believe in fluid student-
teacher relationships. It is important to note that any relationship found would not suggest a 
cause-effect relationship. Further research is needed to delineate causal conclusions.  
Assessment of Reliabilty 
To establish reliability, several methods were used. First, inter-coder reliability was 
established for the CRP data and the NOS data. Both an independent researcher knowledgeable 
in culturally relevant pedagogy and the primary researcher coded 20% of the initial CRP data. 
The primary researcher and independent researcher compared and discussed coding differences 
until 90% consensus was reached. The primary researcher then coded the rest of the CRP data.  
Both the dissertation chair and the researcher coded 20% of the initial NOS data. The 
primary researcher and dissertation chair compared and discussed coding differences until 100% 
consensus was reached. The primary researcher then coded the rest of the NOS data.  
The data were recoded a second time to establish intra-rater reliability. The coding from 
the initial analyses for both the CRP data and the NOS data was compared to the coding from the 
second analysis. Intrarater reliability for the CRP data was 100% and intrarater reliability for the 
NOS data was 97%.  
Member Check 
The researcher used member checking as an additional method of ensuring 
trustworthiness. Participants in this study were allowed the opportunity to comment and/or 
clarify the interpretations made by the researcher. Revisions were made if needed.  
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Role of the Researcher 
In phenomenographic research, the researcher is both the data collection instrument and 
the interpreter of the data. Therefore, as an additional validity check method, there is a need to 
clarify the bias the researcher brings to the study (Creswell, 2014). In this study, the researcher 
conducted the interviews, transcribed the interviews, analyzed the transcripts, and coded the data. 
This section contains a description of the researcher’s scholarly knowledge of the phenomenon 
to provide the reader with a context in which this research took place. 
The researcher holds a bachelor’s degree in biology, a master’s degree in science 
education, and a specialist’s degree in instructional technology. Despite the researcher’s 
educational background, it is the researcher’s teaching practice that has been the most influential 
in terms of realizing the importance of culturally relevant pedagogy as a pedagogical framework. 
One of the most important things the researcher has learned in the last 7 years in the classroom is 
the importance of building and maintaining relationships with students. The researcher believes 
that establishing relationships with students helps to facilitate the learning process in the 
classroom. Furthermore, the researcher believes that building relationships with students helps to 
establish trust. Once students are comfortable and trusting of the teacher, there is no limit to what 
students are willing to do for the teacher when it comes to reaching and exceeding expectations. 
In addition to establishing and maintaining relationships with the students, the researcher creates 
an environment where students are responsible for each other and are frequently involved in 
engaging collaborative learning activities; thus, encouraging students to establish and maintain 
relationships with other students. The researcher realizes science knowledge does not come from 
a textbook or a teacher. It is created in the classroom among the teacher and the students. The 
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researcher believes students are not blank slates that need to be filled with knowledge. They all 
have their own funds of knowledge that can be shared with others in the community of learners.  
The researcher realizes many of the students who enter my classroom may not have an 
interest in science. However, the researcher believe in making the science content relevant to 
their lives. The researcher does this by drawing on students’ funds of knowledge and making 
connections between the students’ lives and the content. The researcher believes science is 
permeated by the society and culture in which it is practiced; therefore, students should 
understand how the science content affects their lives and their communities. To the researcher, 
nature of science is an interrelated subject that is crucial to the understanding of science and the 
development of scientific knowledge. The researcher believes that science is the study of the 
natural world and is rooted in studying empirical evidence from the natural world. Science is 
different from other fields of inquiry such as philosophy or religion because it is based on 
physical or observed evidence and is combined with the inferences made from the evidence; 
whereas other fields of inquiry sometime rely on beliefs without evidence. Additionally, the 
researcher believes there is a distinction between observations and inferences. Observations are 
statements made based on things that are sensible to people, while inferences are statements 
about natural phenomena that are not directly accessible to the senses. Both observations and 
inferences are crucial in science because both allow for the description of natural phenomena.  
The researcher believes that because science is based on evidence that comes from 
observations and inferences that it is inherently subjective. Observations are subjective in that 
what is being observed (and what is not) is at the discretion of the researcher. Furthermore, the 
inferences that one makes from the observations are filtered through whatever lens that person is 
viewing the observation. In essence, science is a human endeavor and cannot be considered 
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particularly objective. Because science is a human endeavor, the researcher believes scientists 
use their creativity and imagination during all the processes and stages of investigations. The 
creativity and imagination of scientists flow from their interests and questioning, to how they 
plan and execute investigations. Scientists use creativity and imagination in the interpretation of 
data and the formulation of conclusions.  
In addition to science involving creativity and imagination, the researcher believes it is 
also influenced by social and cultural spheres. As an example, one reason the shift from the 
geocentric models of the solar system to the heliocentric model of the solar system was stalled 
was because of the teachings of the Catholic Church. The decision for certain countries to 
emphasize some types of research over other types of research is another example of the social 
and cultural embeddedness of science. The researcher believes the development of scientific 
knowledge is tentative; that it can and will change over time. The shift from the geocentric 
model of the solar system to the development of the heliocentric model of the solar system is an 
example of how science and scientific knowledge can change over time as additional information 
emerges and technology advances. Additionally, the collective understanding of different 
scientific concepts can also change over time due to new evidence and different interpretations of 
the evidence by the scientific community.  
In science, there is a difference between theories and laws. Although theories and laws in 
science are related, they are different types of knowledge. Laws in science describe an 
observable phenomenon on Earth. For example, Newton’s first law of motion, the law of inertia, 
states that an object at rest (or in motion) will remain at rest (or in motion) until acted upon by an 
outside force. This law only describes a phenomenon, not explain why it occurs. On the other 
hand, theories in science explain why certain phenomena on Earth happen.  
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Finally, the researcher believes scientists do not prescribe to one scientific method. 
Instead, scientists engage in various scientific practices to conduct their work. Furthermore, 
because science is a human endeavor, scientists all approach doing science differently.  
Trustworthiness 
Qualitative researchers discuss the trustworthiness of a research project rather than its 
validity (Glesne, 2016). The traditional ideas of validity, generalizability, reliability, and 
objectivity that are essential to quantitative research are not appropriate in qualitative research 
(Guba, 1981). As such, Guba (1981) offered the following terms appropriate for qualitative 
research: credibility, transferability, dependability, and conformability. How this study addressed 
these components to ensure the trustworthiness of this study is described in the next section.  
Credibility 
Credibility in a qualitative study corresponds to internal validity in qualitative research 
(Guba, 1981). The purpose of a study’s credibility is to ensure “the findings are accurate and 
consistent with the various sources from which the data is drawn” (Guba, 1981, p. 80). To ensure 
the credibility of this research, the researcher used member checking. Member checking does not 
mean taking back the raw transcripts to check for accuracy but only parts of the polished product 
to determine the accuracy of the findings (Creswell, 2014).  
Transferability 
Transferability refers to applicability of the findings to similar settings and corresponds to 
external validity or generalizability in quantitative research (Guba, 1981). Guba (1981) 
acknowledged that transferability is relative and is dependent on the “fit between the contexts” 
(p. 81). The use of rich, thick descriptions was used to achieve transferability. These descriptions 
help the results become more realistic and aid in the validity of the findings (Creswell, 2014). In 
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order to provide rich, thick descriptions of science teachers’ understandings of NOS and CRP, it 
was necessary to ask open-ended questions during the semi-structured interviews and probing, 
follow-up questions to identify the understandings held by the participants.  
Dependability 
Dependability refers to the study’s ability to be repeated and corresponds to reliability in 
quantitative research (Guba, 1981). Creswell (2014) suggested several different reliability checks 
to ensure the consistency of the study. In order to create dependability in this study, the 
researcher clearly presented the processes used for participant selection, data collection, and data 
analysis. Before any analysis took place, all of the interviews were transcribed and checked for 
errors. The researcher listened to all of the audio recordings while checking for errors in the 
transcripts. As the data analysis proceeded, the researcher constantly compared the data with the 
codes to ensure there was no drift in the definition of the codes or a shift in the meanings of the 
codes.  
Confirmability 
Confirmability in qualitative research corresponds to objectivity in qualitative research. 
Guba (1981) stated that, “Naturalists shift the burden of neutrality from the investigator to the 
data, requiring evidence not of the certifiability of the investigator or his or her methods but of 
the confirmability of the data produced” (p. 81‒82). In order to establish confirmability in this 
study, the researcher provided references and cited literature that supported the findings of this 
study. Furthermore, the researcher included excerpts of data that support interpretations and 
conclusions. Finally, the researcher clarified the biases brought to the study, a common 
characteristic of qualitative research (Creswell, 2014; Glesne, 2016).  
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Data Management and Ethical Considerations 
During this study, the researcher took several steps to guard against the identification of 
data sources in order to protect the confidentiality of the participants and the school district. As 
the primary data collector it was important that the researcher took every necessary step to 
protect the identity of the teacher participants. Prior to the beginning of data collection, each 
teacher received a consent form and provided a thorough explanation of the contents.  
Additionally, the essence of phenomenography is that it primarily focuses on the 
conceptual understandings of a group as a whole, rather than individual conceptual 
understandings. Even though individual teacher conceptions were not the focus of this study, 
whenever teachers were quoted, pseudonyms were used. The participants did not experience any 
type of harm or ridicule because it was nearly impossible to identify individuals and all of the 
interview data were kept confidential.  
The written/typed VNOS surveys and accompanying printed transcriptions of interviews 
were kept secured in a locked desk in the researcher’s home office. Digital audio recordings of 
interviews were initially kept on a digital recorder and were transferred to a password-protected 
home computer after the interviews were finished. Transcriptions were uploaded to Dedoose, a 
web-based analytic program. The researcher’s user account was password-protected and 
contained additional encryption to protect all uploaded data files.  
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CHAPTER 4 
RESULTS 
The purpose of this study was to explore urban, secondary science teachers’ 
understandings of culturally relevant pedagogy and nature of science, and to explore any 
relationships participants held between how they understand culturally relevant pedagogy and 
nature of science. This chapter contains a qualitative analysis of participants’ understanding of 
NOS and CRP as revealed through written questionnaires and open-ended interviews. A semi-
structured interview was used to capture participants’ understanding of CRP. An open-ended 
questionnaire was used as the primary instrument to capture participants’ understanding of NOS 
and addressed the following aspects of NOS: (a) tentative, (b) subjective, (c) empirical, (d) 
creative and imaginative, (e) social and cultural embeddedness of science, (f) difference between 
theories and laws, (g) difference between observation and inference, and (h) the myth of the 
scientific method. A follow-up interview addressed each of these aspects of NOS.  
This chapter has four main sections. The first section contains the demographic 
information of the urban, secondary science teachers involved in the study. The second section 
contains an analysis of participants’ views on the components of culturally relevant pedagogy—
understanding of social relations, self and others, and knowledge. The third section contains an 
analysis of participants’ views on the components of nature of science. The fourth section 
contains a presentation of any relationship between the participants’ views of NOS and CRP.  
Participant Profiles 
Participants included seven females and three males (See Table 10). Half of the 
participants were between the ages of 30 and 39, while another 30% were between 40 and 49. 
Seventy percent of the participants had 15 or fewer years of experience. Most of the participants 
 94 
 
(80%) were people of color, mirroring the minoritized population of the schools where they 
taught.  
Table 10 
 
Description of the Participants 
 
Characteristic n % 
Age    
21-29 1 10 
30-39 5 50 
40-49 3 30 
60 or older 1 10 
Race   
African 2 20 
African American 4 40 
Asian 1 10 
Asian American 1 10 
White 2 20 
Years of experience teaching   
5-10 3 30 
11-15 4 40 
16-20 2 20 
26+ 1 10 
 
Renee. Renee is a 39-year-old African American female. She has 16 years of teaching 
experience in a variety of areas—1 year in middle grade reading, 3 years each in middle grade 
mathematics and social studies, and 15 years in middle grade science. All of Renee’s classroom 
experience has been in the urban setting. Renee holds two bachelor’s degrees—one in both 
biology and another in nursing and healthcare management. She also holds a master’s degree in 
science and mathematics education and an advanced degree in science education and teacher 
leadership. Renee began her professional career as a nurse.  
Omar. Omar is a 36-year-old African male. He has 12 years of secondary science 
teaching experience in a variety of subjects. He instructed chemistry for 3 years, human anatomy 
for 4 years, environmental science for 6 years, physical science for 11 years, and advanced 
placement environmental science for 12 years. All of Omar’s classroom experience has been in 
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the urban setting. Omar holds an undergraduate degree in biology, and two master’s degrees—
one in neuroscience and one in secondary science education. He is currently pursuing a third 
master’s degree in epidemiology. Omar began his career in education as a substitute teacher.  
Suzanne. Suzanne is a 36-year-old Indian female. She has 12 years of secondary science 
and mathematics teaching experience—the first 5 years in India and the last 7 years in U.S. urban 
high schools. Suzanne is certified in both secondary mathematics and science and has taught 
chemistry, physics, physical science, algebra, advanced algebra, geometry, statistics, and pre-
calculus. Suzanne holds an undergraduate degree in education with a major in mathematics and 
science and a master’s degree in physics. Suzanne plans to pursue a doctorate degree in physics.  
Lucy. Lucy is a 62-year-old White female with over 40 years of education experience. 
Lucy has taught elementary school, middle school, and high school. Lucy has spent the past 7 
years in the urban setting, although most of her previous experience was in the private, suburban 
context. In the secondary setting, she has taught biology, marine biology, human anatomy, Earth 
science, gifted biology, and physical science. Lucy also has experience as a curriculum 
writer/instructional coach as well as a private school principal. Lucy holds an undergraduate 
degree in biology and is certified to teach gifted courses and advanced placement biology.  
Lindsey. Lindsey is a 37-year-old White female with 7 years of teaching experience. She 
taught middle grades social studies for 6 years, special education for 2 years, and middle grades 
science for 1 year. All of Lindsey’s classroom experience has been in the urban setting. Lindsey 
holds a bachelor’s degree in teacher education and a master’s degree in curriculum and 
instruction. Additionally, Lindsey is certified to teach elementary grades and gifted courses.  
Caroline. Caroline is a 40-year-old African American female with 13 years of teaching 
experience. She taught chemistry for 10 years, biology for 4 years, and human anatomy and 
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physical science for 2 years each. All of Caroline’s classroom experience has been in an urban 
setting. Additionally, she has experience teaching advanced placement chemistry, epidemiology, 
health science, and medical terminology. Caroline holds a bachelor’s degree in biology as well as 
a master’s of public health in behavioral science and health education. Caroline started her career 
in education, but spent some time in an environmental research lab before returning to education.  
Beverly. Beverly is a 45-year-old African female with 16 years of teaching experience. 
She has taught chemistry for 14 years, physics for 2 years, and physical science for 1 year, all in 
an urban setting. She holds a bachelor’s degree in chemistry, a master’s degree in secondary 
education, and an advanced degree in curriculum and instruction. Beverly started her career in 
education as a substitute teacher after immigrating to the United States.  
Charlotte. Charlotte is a 30-year-old African American female with 8 years of teaching 
experience. She has taught a variety of subjects including biology for 6 years, advanced 
placement biology and environmental science each for 2 years, advanced placement 
environmental science for 2 years, epidemiology for 2 years, and human anatomy for 1 year. All 
of Charlotte’s classroom experience has been in an urban setting. Charlotte holds a bachelor’s 
degree in biology with a minor in chemistry and a master’s degree in science education. 
Charlotte began her career in education through the Teach for America program and decided to 
stay upon the completion of the mandatory 2-year commitment.  
Charlie. Charlie is a 46-year-old African American male with 18 years of teaching 
experience in a variety of settings. He has taught in both urban and suburban schools, including 
chemistry for 16 years, physics for 7 years, biology and CPR training for 4 years, physical 
science for 2 years, and robotics for 1 year. He has also served as a head basketball coach for 14 
years. Charlie holds a bachelor’s degree in chemistry, and two master’s degrees in secondary 
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science education and educational administration and supervision. He has experience as an 
adjunct professor at a community college as well as a medical college admission’s test 
preparation instructor. Charlie considers education a calling. Both of Charlie’s parents were 
educators. His mother was an elementary educator and his father was a high school chemistry 
and physics teacher. 
Adrian. Adrian is a 28-year-old Asian American male with 6 years of teaching 
experience. After completing his associate’s degree in computer network technology, Adrian 
decided to pursue his interest in teaching and received a degree for middle school education with 
an emphasis in science and social studies. Adrian has spent all 6 years teaching honors physical 
science. All of Adrian’s classroom experience has been in an urban setting. 
Research Question 1: CRP Analysis 
What are urban secondary science teachers’ understandings of culturally relevant 
pedagogy? 
The teachers participated in one semi-structured interview to elicit their understanding of 
the three themes of CRP: social relations, self and others, and knowledge. Under these three 
themes, Ladson-Billings (1994/2009) highlighted several characteristics consistent with 
culturally relevant teaching practices and beliefs as well as assimilationist teaching practices and 
beliefs. Assimilationist teaching practices and beliefs are those that operate without regard to 
students’ particular cultural characteristics and are not “bad or malicious” (Ladson-Billings, 
1994/2009, p. 62).  
The focus of phenomenographic research is to find the variation that differentiates the 
phenomenon for the participants, rather than finding the singular essence (Marton, 1996). In 
 98 
 
keeping with the phenomenographic tradition, this section contains a description of the 
participants’ beliefs related to the three broad CRP themes.  
Understanding of Self and Others 
 The first theme of culturally relevant teaching is teachers’ understanding of themselves 
and others. Culturally relevant teachers view the teaching profession as an art and themselves as 
artists (Ladson-Billings, 1994/2009). Furthermore, culturally relevant teachers see themselves as 
a part of the community and view teaching as giving back to the community. Additionally, 
culturally relevant teachers believe all students can succeed and they make this come to fruition 
by building connections with the students, as well as showing them their connection to the 
content and larger society. For culturally relevant teachers, students’ diverse backgrounds are 
central to the curriculum. If a participant articulated an understanding of self and others 
consistent with the views of culturally relevant teachers, that participant received a continuum 
score consistent with a more informed view of the self and others aspect of CRP.  
 Teachers with assimilationist beliefs and practices view teaching as a technical task and 
their role as a technician. They see teaching as putting knowledge into, similar to banking. 
Furthermore, teachers with assimilationist beliefs may or may not see themselves as a part of the 
community and encourage achievement as a means to escape the community. They also believe 
failure is certain for some students. Finally, teachers with assimilationist practices homogenize 
students into one American identity (Ladson-Billings, 1994/2009). If a participant articulated an 
understanding of self and others consistent with the views of assimilationist teachers, that 
participant received a continuum score consistent with a more naïve understanding of the self 
and others aspect of CRP. 
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 Three participants—Charlie, Caroline, and Charlotte—articulated an informed 
understanding of the self and others aspect of CRP and were able to report specific examples of 
how it looks in their classroom (+++ continuum score). Five participants—Renee, Omar, Lucy, 
Lindsey and Beverly—also articulated informed understanding in their own words of the self and 
others aspect of CRP score (++ continuum score). One participant, Arian, articulated a mixed 
understanding of the self and others aspect [(+) continuum score] and another participant, 
Suzanne, articulated a naïve understanding (- continuum score) consistent with the beliefs of 
assimilationist teachers (See Figure 5).  
 
Figure 5. Participants’ continuum scores for the understanding of self and others aspect of CRP.  
Note: Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Self and others: Connections between community, national and global identities. Nine 
of the ten participants in this study explicitly mentioned the importance of helping their students 
to make connections between their community, national, and global identities (Ladson-Billings, 
1994/2009). However, there was variation in how the participants expressed how this looked in 
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their classroom. For example, both Renee and Charlie expressed that they use images of scientists 
that mimic their students’ population in their instruction. Renee acknowledged that “a lot of our 
science books, they don’t have people that are brown or Asian. It’s not there, so I want them to see 
people who look like them.” It is Renee’s goal to get her students to understand “that there are 
people who have some of your attributes who are contributing and do not allow anyone to tell you 
can’t do anything, because you can do anything that you put your mind to.” Renee articulated an 
informed understanding in her own words but did not provide an example (++ continuum score).  
Similarly, Charlie articulated an informed understanding in his own words but he also 
provided an example to highlight his understanding (+++ continuum score). Charlie asserted, “I 
know that our kids have to have certain examples to show around their culture in order to learn.” 
Throughout the school year, Charlie made sure that he “always goes back and looks at different 
scientists who did certain things. You know, you have female scientists, of course when you 
mention about female scientists it motivates our female students.” Charlie also mentioned that he 
shows his students different images of scientists in order to motivate his students and for his 
students to feel good about themselves.  
I show them several scientists who have done certain things in science, in order to 
motivate our Black kids. Because, our kids don’t actually see those things if you look at 
anything in science, it’s almost as if we as Blacks did nothing. I mean, nothing at all, 
when that’s not the case. (CRP Interview) 
 
Caroline and Charlotte spoke about using cultural references in instruction, which helps 
their students relate and connect to the content material. Caroline asserted that, “You have to 
have an awareness of the culture in order to provide them with their own culturally relevant 
experience.” During her instruction, Caroline reported giving examples and references that her 
students can relate to and understand. For example, when she teaches scientific processes, she 
uses the following question as a guide: “What if a boy dating a girl—would a guy who has 
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[dread]locks get more dates than a guy who just has a brush cut?” In this example, Caroline used 
references from the students’ culture to bridge-build to the science content (Ladson-Billings, 
1994/2009). Charlotte cited an example of what happened when she talked about sickle-cell 
disease in a biology class. She reported that her students “got it immediately because they knew, 
a lot of them were like, ‘Oh, I got the trait. I know someone who has it and it makes sense to 
them.’” In this example, Charlotte used a specific genetic trait prevalent in the student population 
she teaches to bridge-build to the science content.  
Omar, Beverly, Charlotte, and Adrian spoke specifically about how they provide real-
world references to help their students see their connection to the content. According to Omar, 
making it relevant for his students helps them “understand it better, and maybe see where the 
concept is more applicable in their daily lives, or in the lives of their parents or relatives of 
people they interact with.” Omar highlighted an example of how he makes the content relevant to 
his students’ lives in his Environmental Science course,  
With environmental science, a lot of the issues that might seem unrelated to the students, 
generally I can relate it to them in terms of their daily lives. Dealing with pollution, you 
talk about what happens to your old cell phone that you used to have 2 years ago. What 
happened to that? What did you do with it? Did you just put it under your bed? Did you 
toss it into the trash? What happens to the materials that the phone was made from? 
That’s one way to engage students in making it relevant—relating things that are going 
on in the world to what they know and what they experience. (CRP Interview) 
 
Beverly views her role as a science educator as an interpreter of everyday events that she brings 
up in her chemistry and physics courses. Beverly believes in providing real-life examples for her 
students so they are able to make connections and appreciate what happens around them daily, 
I see myself more as an interpreter of what you see every day. They observe, and they see 
everything around them, but they can’t appreciate it because they don’t understand what 
it really means, the science behind it. Why do leaves fall in fall? Why does it rain? What 
makes it rain? Why is it that glass breaks when you put water in it and put it in the 
freezer? Why is it that warm water will dissolve sugar better than cold water? I love the 
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real-life applications, so they can get it and appreciate what happens to them every single 
day. (CRP Interview) 
 
When Charlotte is teaching human anatomy and physiology, she helps students make 
connections between their lives and public health,  
When I’m teaching my anatomy class, I try to get really personal about certain things 
because that’s my last big chance to really give them not just the science behind it but 
like in real life, how does this relate to public health? How does this relate to you being 
informed about your bodies and decisions you make when you become an adult? (CRP 
Interview) 
 
Similarly, when Charlotte is teaching environmental science, she claims much of the content is 
not difficult but her students do not have a connection to it,  
The content isn’t hard but the kids have no connection to it. When we talk about marshes 
versus a desert—if they haven’t traveled, if you haven’t seen those things, that’s not the 
first thing that’s relevant to you. (CRP Interview) 
 
Another frequent topic in environmental science is farming. Charlotte exclaimed, “Well, 
they don’t live near a farm so that’s not relevant to my kids!” In those situations when Charlotte 
believes the curriculum topics are not relevant to her students, she helps her students see the 
relevance of it to their lives,  
When you’re teaching these things, sometimes you have to make those connections and 
stop and not just assume that they automatically know. I know my students eat a lot of 
fast foods, so they wouldn’t have a relevance to farming or eating organic things. When 
you talk about the importance of organic foods and not using pesticides or not using 
herbicides or those things being related to cancer and things like that, you’ve got to give 
some type of focal point. I think it helps the information stick to them when it’s 
something relevant. (CRP Interview) 
 
Charlotte cited another real-word example where she highlighted the connection between the 
students’ lives and the content material,  
With epidemiology, we did an HIV and STD statistics for [the school’s zip code]. It was 
great. It was my seniors because they are about to go to college. You know what I mean? 
There’s no one to have these sit downs with you. When you’re in college you don’t have 
the constraints of my Momma checking up on me and making sure. What are your risk 
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factors? What are the things that you look for? Who’s more susceptible? What are risky 
behaviors that you want to be on the lookout for? (CRP Interview) 
 
Adrian tries to take real things that are happening in the world and try to relate them to 
whatever they are doing in class. Adrian gave an example of bringing in Felix Baumgartner’s 
jump from the edge of Earth as something that helped him make a connection between real-
world events and content he was teaching in class.  
For example, what was it, about 3 years ago, Felix Baumgartner jumped out of a capsule 
and fell to the Earth for something like 3 minutes, broke the speed of sound while doing 
that. To be honest, this was something I had just seen because it was on YouTube and 
then all of sudden I thought, ‘We can talk about that in class.’ It gives me an opportunity. 
Literally, it happened the same week I was teaching the concept of free- fall gravity. So, 
it gave me the opportunity to pull up something from YouTube, something a little more 
familiar to them. (CRP Interview) 
 
Lucy also spoke at length about the importance of biology and its connection to the lives 
of her students, a central component of culturally relevant teaching (Ladson-Billings, 1994/2009) 
but did not provide an example (++ continuum score). Lucy stated, “I just think that it’s one of 
the most important sciences to me. It involves everything, the world, their life, and decisions that 
are made in their future. I just think it’s really essential.” Lucy feels it is important they 
understand the content because of their future status in society,  
They’re going to be the ones who are voting. They’re the ones who are going to vote for 
clean water. In terms of ecology, what’s morally right? Do we cut down the trees? We 
talk about cloning in genetics. What’s going to happen in the future? What’s morally 
right and wrong? Everybody has a responsibility. (CRP Interview) 
 
Similarly, Lindsey believes it is important for her students to make connections between 
the content material and other people in the world, but did not provide an example (++ 
continuum score). Lindsey mentioned, “I think science is very important in order to understand 
what is going on around you, and with that there is a connection to other humans in the world. It 
is just not all about you and what is going on.” To help her students make connections and 
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understand their connection to the world and others around them, she tries to create activities that 
are important and meaningful,  
I like to try to make activities that are not just, “Okay you guys, here is a worksheet, okay 
here is a book, let us read it and this stuff is important make sure you get it.” I want, I try 
to create activities so that they can enjoy it, so that is something that they ... That there is 
something that they can relate it too. So, ‘Oh yes we did this! Oh that reminds me of such 
and such and the reason I need to know such and such is because it is important because 
it is needful for the world.’ (CRP Interview) 
 
Additionally, Lindsey believes making connections between the content and the lives of her 
students broadens her students’ perspective. She explained,  
If you can connect it within the classroom, you teach it, you talk about it, and there is 
conversation about it. Then it is something that it opens up....It opens up their minds and 
their hearts to what is going on in the world today (CRP Interview) 
 
Self and others: Understanding of students. Having an understanding of and respect 
for students is a component of culturally relevant teaching (Ladson-Billings, 1990). Two 
participants, Renee and Charlotte, explicitly mentioned that one has to have an understanding of 
the population they serve. Renee has students from families of varying income levels and 
acknowledged that the teacher has to have an understanding of this situation in order to meet the 
needs of different students, “We have some kids who come from homes that are $300,000 and 
some on the lower end of the spectrum.” Renee understands that some students come to her and 
say, “You know what, Ms. Renee, your assignment, I’ve got to do it at school because I don’t 
have internet, because I don’t have a computer.” Renee believes every child is a challenge 
because each brings differences that need to be understood, “Every child’s a challenge, I think. 
They bring some differences that require a lot of understanding and when you understand their 
differences, they appreciate it.” Charlotte stated, “Our kids are big on relationships, with each 
other and with teachers.” As such, Charlotte is focused on “getting to know my children and 
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figure out how my example for them and my experiences can mimic or tailor what they can 
possibly do.” 
Self and others: Student success. Teachers who practice culturally relevant teaching 
believe that all students can succeed while teachers with assimilationist practices believe that 
failure is inevitable for some (Ladson-Billings, 1994/2009). Lucy, Caroline, Beverly, and Charlie 
all explicitly mentioned they believe all of their students can succeed. Lucy reported, “I really 
feel that everyone can learn. Everyone’s able to learn and what I want to be able to do is to 
enable students to see that they can learn.” Caroline mentioned, “With effort, I feel like all 
students can have and feel successful.” Beverly and Charlie acknowledged that they believe all 
their students can succeed but that they must differentiate their instruction in order to facilitate 
their student’s success. According to Beverly,  
I believe that all students can learn. They may not learn the same way at the same time, 
but they will get it. It may take some longer than others. You just have to be able to make 
the environment and the instruction in such a way that they’re able to receive it. Some 
students need a lab to get it. Some students need some activity to get it. Some students 
need to watch a video to get it. Some students need to do research on their own, do 
independent research to get it. Some need outside experience. (CRP Interview) 
 
Similarly, Charlie acknowledged,  
 
Everybody has their own means of gaining an education. But they have to be taught 
differently. So if there’s a philosophy, I would say that everybody has the ability to learn, 
but they have to be facilitated or to have instruction in order to learn. (CRP Interview) 
 
Self and others: Teaching as putting knowledge into. Teachers with assimilationist 
teaching practices view teaching as putting knowledge into students (Ladson-Billings, 
1994/2009). Suzanne was the only participant to express this view (- continuum score). Suzanne 
brings a different perspective to teaching because she is heavily influenced by the dominant 
teaching style in India. Suzanne is originally from India and completed her postsecondary 
education in India. According to Suzanne, in India, lecture is the dominant instructional method 
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in classrooms and is the primary form of instruction in her classroom. For Suzanne, “The lecture 
is really important because this is going to get interacted with the student’s one on one.” 
Furthermore, Suzanne believes that students can learn on their own from various sources but that 
lecture is still needed in the process. She mentioned, “Students can learn from PowerPoint but 
unless a teacher is going to tell them what is what, they cannot get it unless you have a lecture.”  
Adrian structures his instructional approach in the same way as Suzanne. Adrian 
mentioned that he uses the direct instruction model for his classes, which is based on teaching 
more content in less time and controlling the details of what happens during that time. Adrian 
reported, “I’m always lecturing. I try to integrate videos and as much technology as possible. But 
it kind of boils down to power points and videos and that sort of thing.” Adrian admits he is not 
sure if this is the best approach, but he justified his use of the direct instruction model,  
I feel it works. I don’t know if it’s the most effective. I’ll admit that. But unfortunately 
for the content in which I’m teaching and with the resources and that sort of thing in their 
age range, I don’t feel there’s a lot of different ways to do it. I feel that they’re pushing 
more labs, but then on my end for every lab that I have dedicated, that’s one less day that 
I would not be in front of them doing direct instruction. And I don’t know if that time 
spent is as valuable or as effective as the time I would have spent doing direct instruction. 
I feel my teaching style right now is really, heavily 90% direct instruction or related to it. 
(CRP Interview) 
 
Even though Adrian’s reported instructional approach seems to be consistent with assimilationist 
teaching practices, Adrian still believes in the value of having students work together and builds 
that into his instruction, which is consistent with culturally relevant teaching beliefs. Therefore, 
Adrian’s instructional beliefs contain assimilationist views and culturally relevant views [(+ 
continuum score]. 
Understanding of Social Relations 
 The second theme of culturally relevant teaching is teachers’ conceptions of social 
relations. Culturally relevant teachers demonstrate a connectedness with all of their students, 
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encourage a community of learners, and provide opportunities for students to teach other 
students and be responsible for each other (Ladson-Billings, 1994/2009). Additionally, culturally 
relevant teachers cultivate fluid and equitable teacher-student relationships that extend to 
interactions outside the classroom. If a participant articulated an understanding of social relations 
consistent with the views of culturally relevant teachers, that participant received a continuum 
score consistent with a more informed view of the social relations aspect of CRP. 
 The teacher-student relationship and other social relationships are structured differently 
in classes with teachers with assimilationist teaching practices. The teacher-student relationship 
is fixed, hierarchical, and limited to formal classroom roles. Furthermore, the teacher is regarded 
as the authority figure in the room and labeled as “all-knowing” and the students as “know-
nothings” (Ladson-Billings, 1994/2009, p. 60). Teachers with assimilationist practices encourage 
competitive achievement and encourage students to learn individually. If a participant articulated 
an understanding of social relations consistent with the views of assimilationist teachers 
(Ladson-Billings, 1994/2009), that participant received a continuum score consistent with a more 
naïve understanding of the social relations aspect of CRP. 
Five participants—Renee, Charlie, Caroline, Charlotte, and Beverly—articulated an 
informed understanding of the social relations aspect of CRP and reported specific examples of 
how it looks in their classroom (+++ continuum score). Omar and Lindsey articulated in their 
own words an informed understanding of the social relations aspect of CRP (++ continuum 
score). Adrian and Suzanne articulated a mixed understanding of the social relations aspect [(+) 
continuum score]. Lucy articulated an assimilationist understanding (- continuum score) of the 
social relations aspect of CRP, consistent with beliefs of assimilationist teachers (See Figure 6). 
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Figure 6. Participants’ continuum scores for the understanding of social relations aspect of CRP.  
Note: Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
  
Social relations: Community of learners and collaborative learning. Six of the 10 
participants encouraged a community of learners in their classroom, where students are able to 
learn collaboratively. Both Renee and Charlie articulated an informed understanding of the social 
relations aspect of CRP and were able to provide examples of how it is executed in their science 
classrooms (+++ continuum score). Renee and Charlie spoke about a community of learners 
allowing for shared responsibility and accountability. According to Renee, “It’s important 
because it gives us shared responsibility. We’re all responsible for each other.” In Renee’s 
classroom community of learners, students can often be seen learning and working 
collaboratively. Renee stated, “I use learning pairs, learning triads. Science, that’s what it lends 
itself to though, because I’m trying to model to the kids how scientists actually interact. They 
need to realize that scientists don’t work in a bubble.” Furthermore, it is Renee’s belief that 
working together makes the class stronger, “We’re only as strong as the weakest link. If we work 
together, we can make those weak links stronger.”  
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Charlie mentioned that he uses the gradual release of responsibility model to structure his 
classroom instruction. The gradual release of responsibility model is designed to meet the needs 
of individual and smaller groups of students and includes four phases: (a) focus lesson, (b) 
guided instruction/practice, (c) collaborative learning, and (d) independent practice (Pearson & 
Gallagher, 1983). It is by using this model that Charlie sees the importance of establishing a 
community of learners where students learn collaboratively, a component of culturally relevant 
teaching. For his students, Charlie acknowledged, “It’s a learning curve. It’s not perfect, because 
you have a lot of students who don’t want to work with each other.” Despite its challenges, 
Charlie believes collaborative learning works because his students remain on task and hold each 
other accountable,  
I think more than three is too much, because there will be disruption at that point. Instead 
of groups of three, groups of two are best, because they’re working as partners. When it 
comes to a point of two of them working, they’re going to stay on task pretty much. I 
think it’s something that our kids do and, it’s something that I think we do in a sense as a 
race. We kind of keep each other accountable. A partnership is formed. (CRP Interview) 
 
In addition to collaborative learning, Charlie also participates in classroom role-reversals in order 
to facilitate students teaching each other and being responsible for each other, a component of 
fluid teacher-student relationships in the classroom. In his AP Biology course, Charlie mentioned 
he would gradually teach a little less until he finally let the students teach each other,  
I would drill them every single day, they would come in, they’d have a quiz every day. I 
would teach a little less, and we come back and we’d have something else. Eventually, 
I’d let them take over. I just sat back. I let them do it, and I said, ‘Okay, here’s your quiz.’ 
I’d have kids go up to the board and start teaching each other. They really got into it at 
that point. (CRP Interview) 
Omar and Caroline specifically mentioned students have something to offer in the 
community of learners. Omar believes it helps peers to see “how one student works and thinks 
through certain problems.” Omar stated, “When you allow them to work together, one might 
basically have very little difficulty with it, another student might need more help. By pairing 
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them together, you can see them helping each other along to complete the task.” In Caroline’s 
class, she acknowledged she is not the only person able to teach. In fact, Caroline reported that 
other students may be able to explain a concept much better than she can and that it is no less 
valuable because it is coming from a student,  
Not just me being oh, ‘I’m the only person who can help you understand something.’ I 
want them to understand that learning can happen at any moment. I could’ve taught 
something to my heart’s content and thought that you got it, and a student in class can say 
something that can make it click for you. That doesn’t mean it’s less valuable because it 
was a student. Trying to get them to understand that everybody has a voice, everyone 
needs to bring their own experiences, because that’s what makes us, as a collective, a 
better group. 
 
Adrian mentioned community of learners but did not go into details about it and actually 
stated he uses a lot of independent work,  
I guess you’d call it group work. They do work a lot of times independently, but I do 
allow them to assist each other. It’s more like a learning community. Look at it that way. 
Assisting each other. All achieve the same thing. But I don’t do a lot of group work. 
(CRP Interview) 
 
Therefore, Adrian’s understanding of community of learners is not fully consistent with 
assimilationist practices or culturally relevant practices [(+ continuum score]. Adrian 
acknowledged this has much to do with time and standardized testing, “I feel that a lot of time is 
spent trying to figure out their individual strengths and weaknesses to address, unfortunately, 
testing.” 
Social relations: Student-teacher relationships. Omar, Charlotte, Lindsey, and Adrian 
spoke about establishing relationships with their students because it helps facilitate learning. 
Their statements echoed Charlotte’s previous statements about her students being big on 
relationships. When Omar discussed his classroom environment, he stated,  
I try to lead and make the classroom a very relaxed environment….[A relaxed 
environment] allows me to learn a little bit more about them, like things that are going on 
in their lives. They also feel a bit more relaxed about talking to me. 
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Because Omar has created this relaxed environment, students often share their experiences or the 
experiences of relatives as a part of class discussions.  
For Charlotte, many of her students see her as a maternal figure, which helps create fluid 
student-teacher relationships in the classroom,  
A lot of them see me as some type of maternal figure and so most of them respond to me. 
They’re very honest with me about things like when they don’t understand or when 
they’re having issues. Our kids feel comfortable to kind of come to me about other things 
outside of the academics. We have a family relationship where they want to appease me. 
They want me to be happy. They don’t want to disappoint me and when they do they try 
to fix it. I think that allows me to be a better teacher in a sense that I’m able to kind of 
know things about my students that I feel like if you didn’t have that rapport with your 
kids you wouldn’t be able to reach some of them. (CRP Interview) 
 
The fluid student-teacher relationship in Charlotte’s classroom can be seen when the classroom 
community is not having a good day. Charlotte mentioned that, “On the days where I may be 
having a bad day, they’re like, ‘Miss Charlotte, you’re not yourself today. We understand.’” 
Charlotte also mentioned that, “When I’ve have a kid who maybe had words with me, after class 
they’re like, ‘Miss Charlotte, I want to apologize. I didn’t mean to say that.’” Charlotte sees this 
fluid student-teacher relationship as a means to teach more than just content. She stated, “I think 
that’s big because now I’m building on something outside of just academia. I’m helping them 
build social skills that are going to be so important when they get into the real world.” 
Lindsey described herself as “a nurturer by nature.” She also acknowledged that this is 
something her students understand about her that she believes makes her students comfortable. 
She stated, “They know I am a nurturer. They feel comfortable sharing with me and I share a lot 
with them, they share a lot with me.” Because of the level of comfort between Lindsey and her 
students, Lucy believes it creates an open classroom environment where students can freely 
discuss a variety of topics. She stated, “I feel like it is very nurturing and very open that they are 
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allowed to share things.” Lindsey explained that part of the reason why she creates an open 
classroom environment is because it helps to establish a connection with her students and enables 
learning. She reported,   
If they do not feel as if there is a connection to me, they are not going to learn anything. 
If they feel like they like me, they want to know what I have to say and I want to hear 
what they have to say. (CRP Interview) 
 
Adrian spoke about the approach he uses with his students that helps him to be effective,  
[For] a lot of students, if you’re coming at them from a position of authority or power, 
‘I’m smarter than you are and you have to learn what I know because this is what’s 
considered smart.’ I don’t think you would reach a lot of these students. But you can level 
with them to get them to know that I’m trying to teach them in a way that benefits them 
also. Even in whatever their current situation is. I think it’s a little bit more effective. 
(CRP Interview) 
 
For Adrian, in order to reach his students, he believes in getting to them personally, a component 
of establishing a fluid student-teacher relationship of culturally relevant teaching,  
And it might be getting to know them a little bit more personally. Getting to figure out 
what their family dynamic is. What their culture is? That sort of thing. Trying to relate to 
them. Even for me, because I am fully Vietnamese, both of my parents are Vietnamese. I 
try to relate with some of the Vietnamese students that I have. Even from that aspect of 
the fact that my parents were immigrants. Any of the children who have parents who are 
immigrants, I can relate. First generation, you know, never gone to college. I can relate to 
them. I try to do my best to bridge that gap with them. I let them know we’re on an even 
field. I was doing the same things that you’re doing when I was your age. Trying to stay 
culturally relevant is something you have to be cognizant of, and we are a metropolitan 
school, so we have to be cognizant of that. (CRP Interview) 
 
Beverly believes that the teacher-students relationship in the classroom has to be one of 
trust, “Students got to be able to trust you, that you got their back. That you care for them. You 
care about their success. You care that even though they’re failing, honey, I will work with you.” 
To create a trusting environment in her class, Beverly uses Classroom DoJo, an online classroom 
management tool used by teachers to create a positive learning environment. Classroom DoJo, 
“Helps the classroom culture become one of respect, one that is safe.” In her class, students earn 
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points for positive behaviors and lose points for negative behaviors. Beverly reported, “I give 
more points for positive behavior than I do for negatives because I want to promote positive 
behaviors.” All of her students decided upon the positive and negative behaviors. Beverly uses 
these points for incentives in her classroom, “I use those for bonus points once a month, it could 
be a homework, or class work. We have to tie it to something, otherwise it has no meaning.” 
Beverly’s classroom management system and allowing input from her students is consistent with 
a “fluid and humanely-equitable relationship between the teacher and the student,” a component 
of culturally relevant teaching (Ladson-Billings, 1994/2009, pp. 66‒67). This type of 
environment is important to Beverly because all students are in class to learn. Beverly stated, 
We’re all here for the same reason. Nobody was born knowing Chinese. You had to learn 
it. No one was born knowing chemistry. You have to learn it. So, the environment is safe, 
where the students understand it’s okay to make a mistake, they still learn from it. Or 
learn from a wrong answer, why is it wrong? One where they trust me, they know I care. 
(CRP Interview) 
 
Suzanne is heavily influenced by the lecture-method of teaching, which is the dominant 
teaching style in India, where she was born and raised. Suzanne recognizes that her style of 
teaching limits social interaction in the classroom. Therefore, Suzanne’s understanding of 
classroom social relations is not fully consistent with assimilationist practices or culturally 
relevant practices [(+ continuum score]. Suzanne stated,  
If you have any questions and if you have any problem like that, I’m going to have 
PowerPoints or visible things where they can interact with me, ask me any questions and 
that kind of thing. However, I think since I am mostly using the lecture method, there 
isn’t much interacting going on unless it is classwork or practice. So that is how I interact 
with my students and let them feel comfortable about what I’m doing and teaching in 
classroom. (CRP Interview) 
 
Only one participant, Lucy, believed in a classroom environment in which the student-
teacher relationship is fixed, a characteristic of assimilationist teaching practices (Ladson-
Billings, 1994/2009). Lucy explained, “I’m old fashioned and I don’t apologize for that. I’m not 
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interested in being their friend, that’s not my goal.” When probed further about her classroom 
environment, Lucy explained her rationale behind her “old-fashioned” environment, “There’s so 
much stuff I have to cover. That’s what we’re here for. It’s no joke. I’m not here for you to have 
fun, I’m here for us to go through this material and get through it.” Similarly, when explaining 
her connections with her students, Lucy responded that she “can’t be too familiar. I have to be 
distant. I find that if I let down the guard, they will take advantage of it. I just can’t do it.”  
Understanding of Knowledge 
 The third theme of culturally relevant teaching is teachers’ understanding of knowledge. 
Culturally relevant teachers engage students in knowledge building activities in the classroom 
(Ladson-Billings, 1994/2009). Culturally relevant teachers view knowledge critically and are 
passionate about the content. They challenge the curriculum and make informed decisions about 
what is worth knowing in the lives of their students (Ladson-Billings, 1990). Culturally relevant 
teachers make content decisions based on their understanding of what will best serve their 
students. Finally, culturally relevant teachers help students develop necessary skills and take 
student diversity and individual differences into account when planning for instruction. If a 
participant articulated an understanding of knowledge consistent with the views of culturally 
relevant teachers (Ladson-Billings, 1994/2009), that participant received a continuum score 
consistent with a more informed view of the knowledge aspect of CRP. 
Teachers with assimilationist practices believe knowledge is static, and is passed only 
from teacher to student. They view knowledge as infallible. These teachers are detached and 
neutral about content and expect students to demonstrate prerequisite skills. Teachers with 
assimilationist practices see excellence as a postulate that exists independently from student 
diversity or individual differences. If a participant articulated an understanding of knowledge 
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consistent with the views of assimilationist teachers, that participant received a continuum score 
consistent with a more naïve understanding of the knowledge aspect of CRP. 
Six participants—Renee, Adrian, Beverly, Charlotte, Omar, and Caroline—articulated an 
informed understanding of the knowledge aspect of CRP and reported specific examples of how 
it looks in their classroom (+++ continuum score). One participant, Lucy, was able to articulate 
an informed understanding in her own words (++ continuum score). One participant, Charlie, 
was able to articulate an informed understanding of the knowledge aspect of CRP (+ continuum 
score). Two participants, Suzanne and Lindsey, articulated a mixed understanding [(+) 
continuum score] of the knowledge aspect of CRP (See Figure 7).  
 
Figure 7. Participants’ continuum scores for the understanding of knowledge aspect of CRP.  
Note: Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Knowledge: Helps students to develop necessary skills. Six of the 10 participants 
explicitly mentioned that helping students develop necessary skills is important in their 
instruction. Before Renee begins units of study in her class, she scaffolds in order to meet the 
students where they are intellectually. Renee reported, 
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Before we begin any unit, I give a pretest, because I want to see what kids know. Based 
on what they know, I can fill in whatever prior knowledge they may need to understand 
the content, and just showing the kids that this is something that they’ve covered, that 
they have been exposed to in elementary school. It may have just been very brief, but 
showing them that there’s a connection there has helped. (CRP Interview) 
 
In order to bridge-build in Renee’s class, there are often several different things going on at the 
same time. Renee stated,  
We might have one group working on one thing and another group working on something 
else. Someone else is doing reinforcement, someone else is doing enrichment, so we’ve 
got all this different stuff going on so that we can get kids to be where we all want them 
to be. (CRP Interview) 
 
Omar uses other students to help the scaffolding process. Similarly, Suzanne mentioned 
she also determines where her students are and structures her lessons accordingly. Omar 
mentioned, “When you allow them to work together, one might basically have very little 
difficulty with it, another student might need more help. By pairing them together, you can see 
them helping each other along to complete the task.” Omar stated, “You have to give them a 
push every step of the way.”  
Beverly spoke about helping her students develop necessary skills,  
I have to help them, give them experiences. I have to reactivate some of those 
experiences and bring it up, like from way back, to make it connect. And then I have to 
give them examples on it. Have to give them something to read. Then I have to do a lab, 
and show a video. You know, it’s just like have to do all these little things in different 
ways for them to get it. (CRP Interview) 
 
Additionally, Beverly varies her instructional strategies so she can reach her students. In addition 
to making sure every student receives the same basic information, Beverly stated that,  
Every day, we’re adding on to the soup of learning….I do videos, I do question and 
answer, we do articles, throw in a lab here, do some hands-on. But we’re doing different 
things as we add onto it. At the end, if we have time, I allow students to demonstrate their 
mastery their own way. (CRP Interview) 
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Because of her varied instructional strategies, it takes her longer to get her students where she 
wants them to be, but that is okay for her. Beverly stated, 
It takes me longer to get to where I want my kids to be, compared to somebody else who 
might just say, go read this. We have a test tomorrow. A good teacher ought to be able to 
meet those students at a point where they can be met. (CRP Interview) 
 
 Caroline also helps her students develop necessary skills by making educational content 
decisions in the best interest of her students. For example, when Caroline is teaching chemistry, 
one of her first units is what she calls unit zero. Unit zero is “basic measurements, using all of 
the equipment, understanding what we call all of the equipment in the lab, and then how to push 
the decimal, and the basics of converting what they call the factor label method.” Caroline feels 
that, for her students, “The content isn’t hard, it’s the math that gets kids when I teach 
chemistry.” Caroline reported that she has been told to not teach unit zero but does it anyway. 
However, she stated, 
I’ve tried not doing unit zero, and I just feel like it’s important at the very beginning of 
the year, just have this conversation now, and then when we see this again, we can just 
refer back to this conversation. Let’s have it now, versus having to stop teaching content 
to teach the prerequisite math skills. (CRP Interview) 
 
Similarly, Adrian also cited issues with some students who have difficulties with the 
content because of mathematics skills. Adrian mentioned that the problem is “the [way] we teach 
science in the state of Georgia is a little bit odd.” Adrian reported that,  
[His students are] learning algebra at the same time they’re taking physical science when 
they should have had these skills before I address the same skills in physical science. The 
class is just a year ahead of when the kids should be tackling it. (CRP Interview) 
 
To help the students be successful in physical science, Adrian acknowledged collaborating with 
the algebra teacher at his school. Adrian stated, 
In the past, the math teacher and I have butted heads on a couple of things. Not a bad 
thing. He’ll teach a concept that I’m also teaching. Students will walk into class 
completely confused because in math we did it one way, in science we did it another. 
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Now we’ve come to an understanding that he just leaves some concepts out. Half-life, for 
instance, is taught as exponential decay in math. He just says, ‘Well, in science when you 
learn half-life exponential decay, the rate is .5.’ And he leaves it at that. He doesn’t go 
any further into that. He just calls exponential decay at .5% and moves on. Then I teach 
half-life in my way so the students can relate. (CRP Interview) 
 
Additionally, Adrian helps his students develop necessary skills by planning more time 
on topics that are difficult for many of his students. For example, Adrian mentioned that 
according to his school district, no more than 5 days should be on teaching bonding and 
nomenclature. However, Adrian realizes that this requires at least 10 to 15 days. Adrian helps his 
students develop necessary skills by offering tutorial, Saturday school, and through re-teaching 
and revisiting concepts during the school year.  
Knowledge: Teacher makes content decisions in the best interest of students. In 
addition to Caroline teaching unit zero, she is not afraid to include content material in the 
curriculum that is not specifically included in the standards for the course. Caroline stated, 
I’m not here for, we have to follow this to the letter. I say this, I just said this in the 
meeting the other day. I feel like I serve two masters, I serve this pacing guide test-ready 
master, and then I serve children who need a science experience master. If I think that 
something is valuable, I’m going to show it. I’m going to bring it. I’m going to do what I 
feel is necessary for our students, because at the end of the day, they still might not pass 
the test. This is an opportunity for them to be intrigued and interested in something. I feel 
students are much more interested in subject matters when teachers aren’t so rigidly 
confined to standards. (CRP Interview) 
 
Charlotte, Charlie, and Adrian also make content decisions based on what they perceive 
as important for their students. Charlotte mentioned that she does not have to worry about a 
standardized exam, because she no longer teaches a course that has a standardized end-of-year 
test. Charlotte reported, “I don’t have a time constraint of I’ve got to be done by April because 
we need to be reviewing because we’ve got this test.” As a result, Charlotte is able to incorporate 
more content she feels is important for her students to know. Charlotte stated, 
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I do have a little more flexibility to infuse the nice to knows with the need to knows. 
Especially with my environmental class, I like to do a lot of case studies because again, I 
think the great thing with case studies is it gives this broad example and it ties it in with 
content but it gives some of those outliers to encourage the students to push beyond the 
obvious. (CRP Interview) 
 
Charlotte still uses the standards for her courses as a guide, in addition to incorporating content 
knowledge she feels is important for her students to know, such as ethics in science and 
environmental inequities. Charlotte remarked, 
I still use the content standards as a driving force, even when I’m infusing the other stuff. 
When we do environmental inequity, there’s not necessarily a standard for that but I think 
ethical practices is important because in science we talk about ethics―what’s right and 
what’s wrong. When we look at our community, we did a mapping activity and looked at 
the number of fast food restaurants in this area. Let’s pick another area code, a suburban 
area code and see. Or a rural area code and see if we see the same layout. Why do we 
think this is the case, when we look at the population makeup, why do we think this is the 
case? With the environmental implications, what do you think? (CRP Interview) 
 
In another example, Charlotte reported that she asked her students to construct a blueprint of a 
city using Microsoft paint; however, many of her students were unfamiliar with the software. 
Charlotte had to stop the class and conduct a mini-lesson on Microsoft paint.  
I’m thinking it’s 2017, y’all could Snap Chat and edit the video and upload it and add 
filters? Surely you can do Paint. But again, I think that goes back to the piece of what we 
were saying. Making sure the kids are making the connections between what we teach 
them in academia and how it is relevant in real life. Because it’s the same thing if you 
wanted a t-shirt business, you run it. You were advertising your first song or rap song or 
something you would need a cover. You could edit it and make it in software similar to 
Paint. Again, being able to use those transferrable skills. That’s not a standard but I had 
to stop and teach that because now my kids now that’s an extra tool they can put in their 
toolbox and say, ‘We know how to do that now.’ (CRP Interview) 
 
Charlie does not use the textbook and has not used his teacher’s edition in years. Charlie 
stated he has no problem teaching content material that is not included in the standards,  
My background is good, science wise. I’ve been in this game so long and I started out as 
nuclear chemist, so I think I mentioned to you my dad was my high school chemistry, 
physics teacher. I grew up around this, and I know how to take it and incorporate it into 
the standards. But I know that it’s needed. What I know industry wise, when they get out 
in the real world, is really going to be needed to have. (CRP Interview) 
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Adrian mentioned that he has used the same course scope and sequence given to him 
when he started teaching physical science 6 years ago, although his district has changed this 
scope and sequence several times. Adrian stated, 
The curriculum, or the flow, that should be taught, has changed over the last 6 years. I 
guess I’m stubborn, because I’ve not changed at all. I still teach it in the same order 
because I feel it’s the best order to teach the material. You teach physics first. However, 
you introduce a little bit of chemistry with it. Then you finish physics, the last part of 
physics right before November. Then you start chemistry. (CRP Interview) 
 
Adrian feels it is better for the students to experience physical science in this manner, rather in 
the manner the district has set forth because it helps the students see content connections. Adrian 
reported, 
It allows me to come full circle. Rather than teaching one section, cutting it off and not 
having students deal with any sort of subject matter on that for over 6 months, before 
they take the Georgia Milestones Assessment. I feel that’s just a lot of time spent away 
from the concept. It allows me kind of to piece back in. (CRP Interview) 
 
Adrian also believes that the standards for the course “are just a minimum,” and frequently goes 
above and beyond them during the school year. Adrian stated,  
By going above that, it allows them to embrace the content more; it becomes more 
relevant for them. It becomes more complete. Rather than teaching main ideas, that’s how 
I view the concepts, or big main ideas. You can build upon them, so they can have a 
better connection. For instance, the standards talk about learning about the atom and the 
development of the atomic theory. If I took the low road, I could simply introduce some 
of the bigger diagrams and show how the model has changed over time, and probably be 
done in 2 to 3 days. Instead I take 2 weeks to do it. I make them research the scientists 
responsible for building these models, and the experiments they conducted in order to 
create these models. These students are learning their names, the critical experiments, the 
order in which these experiments were done, so that they have a better understanding of 
why the model changed over time. (CRP Interview) 
 
In reference to the teaching standards, Beverly stated, “There are some things not in the 
standards, not even mentioned, that I think they need to know about.” The way she handles this 
is to teach the non-included concepts, “Yeah, I’ll teach it, but maybe not so in-depth. Just to 
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expose them to the concept.” For Beverly, teaching concepts that are not included in the 
standards is important because “they’re going to be assessed on science way beyond my class. 
My class is not the end of science.” Beverly understands that beyond her classroom, students will 
have to face additional standardized testing as well as postsecondary education.  
You have the SATs, the ACTs, you have a lot more out there; you got college. So I make 
sure that we can do cool things that will give them a better understanding, and be able to 
connect it with something else out there. (CRP Interview) 
 
Similarly, Lindsey also believes there are some things not mentioned in her standards she feels is 
important for her students to understand.  
When it comes to social studies and science standards, I think that there are key points; 
there are important things in there. Of course we need to be able to teach around them. 
There are other important things also. Some of them were just not as important. Like, 
why are we teaching this, this is just not as important in the world. (CRP Interview) 
 
For example, Lindsey believes certain topics she covers are important, “We talk about 
geography, and geography is important. We talk about environmental issues, which are 
important.” However, she believes there are other important things not covered in her standards. 
Lindsey remarked, “I think poverty. Poverty and the income gap. Those things are important and 
those things are not covered in our standards.” Additionally, Lindsey explained that, “When it 
comes to actual connection to the indigenous people, connection to the people. That is kind of 
rolled over quite often.” Even though Lindsey believes there are more important topics to cover 
in her course other than the standards, Lindsey did not mention that she actually teaches those 
topics. Lindsey’s responses indicate her views about content knowledge are not consistent with 
the views of teachers who practice culturally relevant pedagogy or views of teachers with 
assimilationist teaching practice.  
Suzanne’s views about content knowledge also cannot be considered culturally relevant 
or assimilationist. When it comes to the content knowledge, Suzanne strictly follows the 
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standards set forth for each of the courses she teaches. Additionally, Suzanne is “not in favor of 
pushing aside any standards” because “every standard in the curriculum is really important, no 
matter how big it is or how small it is. Small standards are going to help out on a big standard in 
the future.” Despite strictly following the standards for her courses, Suzanne does acknowledge 
some problems. For example, many of her students have weak backgrounds in statistics. When 
examining the standards for the mathematics courses offered before her 10-grade advanced 
algebra class, she noticed fundamental gaps. Suzanne explained that, “Ninth grade [does not] 
have statistics, but the [standards] have jumped from eighth grade to 10th grade. So it doesn’t 
make any sense for the students...there’s no connection at all.” Suzanne finally stated she would 
like to include more statistics in her advanced algebra course but acknowledged the limited 
timeframe, “I wish I can but you know, timeframe and all these other factors affecting that are 
not in favor of including more statistics.”  
Knowledge: Teacher is passionate about education and content knowledge. Three 
participants spoke about their passion for education and the content they teach. Charlotte and 
Caroline both spoke about their broad passion for education and why they believe it is important 
for their students. Lucy spoke more specifically about her passion for biology. Charlotte 
understands that if students do not have a high school education, their career options may be 
limited. Therefore, Charlotte’s teaching philosophy is “centered upon finding kids’ niches and 
pushing them to go for things that even they may not think fits them.” Charlotte spoke about the 
importance of students seeing beyond part-time jobs to the value of doing well in high school,  
They’re not really seeing the connection; if you don’t want to work this secondary job for 
the rest of your life then I need you to be here. Because that’s a temporary gain. You’re 
not seeing the connection of you finishing and doing well here could segue into 
something else. Not necessarily you majoring in science but high school is the basic bare 
minimum that you need. (CRP Interview) 
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Caroline explained her passion for education when asked about her beliefs about teaching. She 
responded with a Horace Mann quote, “Education is the great equalizer of man.” She further 
explained that education is “something that can never be taken away from you.” Because of this 
belief, Caroline is passionate about education and wants her students to do well. “That’s what I 
bring and why I feel like I’m so passionate, why I want my students to do well, because this has 
the ability to change your circumstance if you allow it to” (CRP Interview). 
Lucy demonstrated passion for the content. Lucy recalls a time in class when she had her 
students looking at Hydra under the microscope. She remarked, “I was looking at one under the 
microscope and one student had to say to me, ‘Ms. Lucy stop! Let me look!’ and I said, ‘Oh, that 
is so cool.’” It is Lucy’s goal to spark her student’s interest in science, “I want to spark an 
interest that could possibly become a lifetime, even if they don’t feel into science.”  
Knowledge: Teacher views knowledge critically. Teachers who practice culturally 
relevant teaching view knowledge critically. They work to get their students to view knowledge 
critically as well (Ladson-Billings, 1994/2009). One teacher explicitly mentioned she wanted her 
students to be critical examiners of knowledge. Renee mentioned that Kyrie Irving tweeted that 
the Earth was flat and Jesus never existed. She was very interested in his comments because 
many of her students are fans of Kyrie Irving. Renee stated,  
Jesus not existing, I’m okay with that. But the Earth is flat—I’m a little confused about 
that because I thought we’ve already proven that, but I want them to be able to filter that 
crap out and everything and just really take ownership. (CRP Interview).   
 
Summary 
The analysis of Research Question 1 explored the participants’ understandings of 
culturally relevant pedagogy. Table 11 contains a summary of the CRP scores received by each 
participant and the group’s average scores for the three CRP subthemes. Although the continuum 
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scores are not absolute, this group of urban secondary science teachers had an informed 
understanding of culturally relevant pedagogy. Additionally, as shown in Figure 8, this group of 
secondary science teachers held a variety of understandings of each aspect of CRP, including 
some understandings that were consistent with the beliefs of teachers who employ assimilationist 
practices.  
Table 11 
 
Participants’ CRP Continuum Scores for Each Aspect of CRP 
 
 CRP aspect* 
Participant Self and others Social relations Knowledge 
Adrian 1 1 4 
Beverly  3 4 4 
Caroline  4 4 4 
Charlie  4 4 2 
Charlotte  4 4 4 
Lindsey 3 3 1 
Lucy 3 0 3 
Renee 3 4 4 
Suzanne 0 1 1 
Omar  3 3 4 
Average CRP score 2.8 2.8 3.1 
* Continuum scores are not absolute (0 = naïve understanding, 1= a mixed understanding, 2 = an informed 
understanding, 3 = an informed understanding and articulated in participants’ own words, and 4 = an informed 
understanding, the participant articulated this understanding in their own words, and the participant provided 
examples to support their understanding). 
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Research Question 2: VNOS Analysis 
What are urban secondary science teachers’ understandings of the nature of science? 
Each participant completed a VNOS questionnaire and one follow-up interview in order 
for the researcher to elicit their ideas regarding their understanding of the eight aspects of nature 
of science. Recall that the focus of phenomenographic research is to find the variation that 
differentiates the phenomenon for the participants, rather than finding the singular essence 
(Marton, 1996). In keeping with the phenomenographic tradition, the following sections contain 
a description of the participants’ ideas for each aspect of NOS and the different variations in 
understanding those aspects.  
Tentative NOS 
Scientific knowledge is tentative and subject to change (Lederman, 2007). As such, if a 
participant indicated that everything in science is subject to change with new technology, 
evidence, and interpretation of evidence, that participant received a continuum score consistent 
with a more informed view of the tentative NOS. However, if a participant indicated that science 
is not able to change or that theories can become proven, that participant received a continuum 
score consistent with a more naïve view of the tentative NOS.  
 Six participants―Omar, Adrian, Lindsey, Suzanne, Lucy, and Charlotte―articulated an 
informed understanding of the tentative NOS. One participant, Beverly, articulated an informed 
understanding of the tentative NOS and was able to articulate this understanding in her own 
words. Three participants―Renee, Caroline, and Charlie―articulated an informed 
understanding, articulated this understanding in their own words, and provided examples to 
highlight their understanding (See Figure 8)  
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Figure 8. Participants’ continuum scores for the tentative NOS.  
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Omar articulated an informed understanding of the tentative NOS when responding to the 
question, “Should we, as a public, accept scientists’ explanations or descriptions of things they 
have not seen?” Omar believes science changes with the emergence of new evidence. He 
responded,  
To an extent, you can accept what the scientists explain different things to an extent. I 
think that it’s not exactly wise to put all your hope in science as it is constantly changing 
and constantly being modified. But for the meantime, whatever we do know and it’s 
based on strong evidence, rather than just somebody’s opinions. We do need some 
standards that we do need to work by, so as a result, those standards need to be based on 
sound judgment, observations, and skills, and they need to have a solid foundation. 
(VNOS Follow-up Interview) 
 
Omar expanded on his understanding when he was asked about the dinosaur extinction 
controversy. He responded, “I don’t think it can ever be definitely resolved, in a final answer. 
Because there’s always a possibility of new evidence coming forth that suggests something 
different” (VNOS Follow-up Interview).  
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Suzanne’s response to the question about the ability of theories and laws to change in the 
future highlighted her informed understanding of the tentative NOS. She wrote, “Scientific 
theories we have today will change in the future because of different ideas proposed by 
scientists” (VNOS Questionnaire). She wrote further, “Scientific laws we have today will change 
in the future because of different ideas proposed by scientists and the different experiments and 
observations used to support those ideas” (VNOS Questionnaire). Suzanne was unable to 
elaborate on her views of the tentative NOS during the interview; however, her views are 
consistent with currently accepted views of the tentative NOS.  
Similarly, Lucy also articulated an informed understanding of the tentative NOS. Lucy 
articulated her understanding of the tentative NOS when asked about the ability of theories and 
laws to change in the future. For theories, Lucy believes they are able to change “as we become 
more sophisticated, we can find out things. As instruments become better able to measure, I think 
it could be possible” (VNOS Follow-Up Interview). Although Lucy is less inclined to believe 
that laws will change in the future, she does not completely rule it out. She stated,  
I don’t know. I don’t really see that happening. There might be things that we’re not 
perceiving exactly as they are. There are things happening that we’re not really 
perceiving, that we cannot sense that might be happening. But they talk about the string 
theory, there might be things that are occurring that we don’t realize are happening. That 
we might be able to actually measure it. There might be some other stuff happening in the 
background. We might be able to enhance or something. Things are so obvious and I 
don’t think they’ll change. I don’t think they will. (VNOS Follow-Up Questionnaire) 
 
Charlotte also articulated an informed understanding of the tentative NOS. For example, 
when asked, “Do you think the scientific theories we have today will change in the future?,” she 
responded,  
It can. I think it can. I think as we become more scientifically sound, as we get more 
information. That’s the whole idea behind theories, that they’re not supposed to be these 
concrete things that are unchanging. They are supposed to change, because our 
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knowledge and understanding of these theories are now getting more in-depth. (VNOS 
follow-up Interview) 
 
Furthermore, Charlotte explained,  
 
But I think as our understanding of the natural world and what’s going on around us, it 
does allow for there to be some changes. I think that’s the beauty in science, that it is 
changing. That’s why, as scientists, we try to kind of stay in the loop of what’s going on, 
because science is not math. Math is really constant, in a sense that if you kind of know 
how to do it, it doesn’t matter...you kind of know what you’re doing. Science is very 
different in a sense of it’s changing. I think that’s the beauty in it. (VNOS Follow-Up 
Interview) 
 
Adrian’s response to the question about the extinction of the dinosaur controversy 
illustrates his informed understanding of the tentative NOS. He responded,  
I don’t think there will ever be a universal resolution because science is ever evolving. 
New information and new scientific discovery will always add more fuel to the argument 
and with each shift in the view that how dinosaurs became extinct, there will be a new 
argument or a new controversy. (VNOS Follow-Up Interview) 
 
In the written VNOS questionnaire, Lindsey’s responses indicated her understanding of 
the tentative NOS. For example, to the question, “Do you think scientific theories we have today 
will change in the future?,” Lindsey responded, “Yes, they will change as technological advances 
provide scientists with more or different evidence” (VNOS Questionnaire). Furthermore, 
Lindsey is less likely to believe scientific laws will change but “there is a possibility that pieces 
of the law will become refined as technology advances” (VNOS Questionnaire).  
Beverly articulated an informed understanding of the tentative NOS and was able to 
express her understanding in her own words. In response to whether we should accept scientists’ 
explanations or descriptions of things they have not seen, Beverly wrote, “I believe we should, 
but understand that what we know today is a work in progress. Based on further research, it may 
not be true in the future” (VNOS Questionnaire). Beverly elaborated on her response during the 
follow-up interview by highlighting an example of the tentative NOS. She explained,  
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It’s the best we have to work with at the time. That’s number one because of course 
science is not static. It’s constantly changing and moving and new fields are being 
known. Old concepts, we disprove them or we move away from it because now we know 
better. With technology, we can get more precise, more accurate results and we can test 
even things we never even imagined existed. Now that I’m saying that, I’m thinking 
about way back in those days when they would use mercury to treat syphilis. Was it 
mercury or what element was it? Was it lead? I think it was mercury to treat syphilis. You 
could die but hey, sorry, but they didn’t know back then. (VNOS Follow-Up Interview) 
Caroline and Renee were able to articulate an informed understanding of the tentative 
NOS in their own words and were able to cite specific examples to illustrate their understanding. 
In response to whether she thinks scientific theories we have today will change in the future, 
Caroline responded,  
I feel like theories can change and are changeable, but I think that the way that we 
define....Because I feel like what the book says, this is just me remembering nothing, but 
I feel like what the book says, it talks about the difference between the two. One can be 
changed and one is set in stone. But I don’t think that we can really say that at this point 
in life anymore. (Follow-Up Interview) 
 
When Caroline was asked to clarify her response in the follow-up interview, she responded, 
I feel like they say that scientific law is something that has been set in stone versus 
scientific theory is something that, you know. It’s true, it’s been proven to be true, but, 
you know, it’s adjustable and it’s changeable. But I feel like that everything is 
changeable, just like ... Which one is not a planet? I’m not an Earth space science teacher 
anymore, so that’s not a planet anymore, versus forever and 327 years, it was. So I think 
that, you know, the way that these two words are defined, and I guess it’s part of the 
reason why it’s not something that I drill and kill in my classroom is because I think that 
they’re just words and I think that science is something that is ever changing, and it’s 
something that ... It isn’t static. (Follow-Up Interview) 
Renee also articulated an informed understanding of the tentative NOS and was able to 
share examples. When asked if she believed today’s scientific theories will change in the future, 
she responded, “Oh yes. I believe that. Most definitely. I don’t think they explain everything at 
all. I can see them changing. Theories change with additional information that is uncovered and 
discovered” (VNOS Follow-up Interview). Renee further elaborated on her understanding when 
asked how she teaches various NOS aspects,  
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All right, so we are heavy on technology where I am. I’m pretty technologically savvy, so 
we use a lot of technology to help see that sciences change....Life science, oh my gosh, 
it’s so awesome because it has changed a lot. We are now at the point where we’re 
probably going to go to eight kingdoms. I read that they are definitely going to split 
Archaea, but we might actually be able to split Eubacteria as well, so that would give us 
eight. Having technology is great because with science changing, the kids can see the 
change happening. (CRP Interview) 
Charlie articulated an informed understanding of the tentative NOS and was able to share 
examples supporting his understanding. In response to the question about the development of 
scientific knowledge requiring experiments, Charlie’s response indicated that scientific 
understanding changes over time. He wrote,  
The development of scientific knowledge requires experiments because thoughts and 
ideas are proven and there is NEVER a definitive answer to a question or the problem 
being solved. For example, pork was once considered to be bad for an individual’s health. 
Later repeated experimentation showed that pork was considered as the “other” white 
meat. It is healthy for you. So, I think that as research advances, our understanding of 
certain concepts can change. (VNOS Questionnaire) 
 
Subjective and/or Theory-Laden 
Scientific knowledge is subjective and/or theory-laden. Scientists’ beliefs, backgrounds, 
knowledge, life experiences, and training influence their work and subsequently, the 
development of scientific knowledge (Lederman, 2007). Therefore, if a participant indicated that, 
for example, different scientists can interpret the same data in different ways because of their 
backgrounds and training, that participant received a continuum score consistent with a more 
informed view of the subjective NOS. On the other hand, if a participant indicated, for example, 
scientists are objective because they use a set of procedures in order to solve problems, that 
participant received a continuum score consistent with a more naïve view of the subjective NOS.  
Three participants―Omar, Lucy, and Beverly―articulated a naïve understanding of the 
subjective NOS. Three participants―Renee, Adrian and Lindsey―articulated a mixed 
understanding of the subjective NOS. Two participants, Charlotte and Caroline, articulated in 
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their own words an informed understanding of the subjective NOS. Two participants, Suzanne 
and Charlie, articulated an informed understanding in their own words and provided an example 
to support their understanding (See Figure 9).  
 
Figure 9. Participants’ continuum scores for the subjective and/or theory-laden aspect of NOS.  
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Omar articulated a naïve understanding of the subjective NOS when talking about the 
difference between science and other disciplines. He stated, “Your feelings don’t really come 
into play when you’re dealing with science; it’s more just the facts, the details, what you can 
measure and quantities, what you can quantify” (VNOS Follow-Up Interview). Omar explained 
his understanding of the subjective aspect of NOS through his response to the question about 
science being universal or if it reflects social and cultural values. Omar responded,  
To some extent, it does reflect social and cultural values and it can be universal. It can be 
universal if when everything, you look at all the evidence from an objective point of 
view, with letting your own personal beliefs cloud your judgement, science can be 
universal in that sense. (VNOS Follow-Up Interview) 
 
When asked if he believed scientists can be objective, Omar’s response indicated his belief that 
personal biases may influence scientists’ objectivity,  
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Definitely. But it’s a difficult task for some people to do if they don’t, if they’re not very 
careful. Occasionally, it is possible that your own personal beliefs might cloud your 
judgment, but that is the reason why it is very advisable to have other scientists analyze 
your data and look at your, what we call, pure view. That is the reason why it is important 
to have pure view, that way others can look at your work objectively and see if what 
you’re seeing is actually what you’re seeing. (VNOS Follow-Up Interview) 
 
Similarly, Lucy articulated a naïve understanding of the subjective NOS as she believes 
that science should be free from personal beliefs. When asked if she teaches NOS aspects to her 
students, she responded, “I do teach it, and I try to get them to incorporate that in their own 
lives” (VNOS Follow-up Interview). Lucy further elaborated on the aspects she teaches her 
students, which highlighted her understanding of the subjective NOS. Lucy stated,  
Like being logical, practical, and analytical themselves. Kind of like in the old TV series, 
‘just the facts, ma’am.’ Because you got to be able to take your…which is nearly 
impossible to take your opinions, your beliefs, your thoughts so that’s what I think is just 
terrible. Science is not supposed to be your opinions and stuff. It’s supposed to be 
different from that, but people have put their own selves into it. It’s supposed to be 
separate from that kind of stuff. It’s not supposed to be your religious beliefs and stuff. 
It’s supposed to be science, it’s just supposed to be science. I don’t want to make science 
a religion. I want science to be science. To be truth and to be just what it is. What it’s 
supposed to be. The finding of truth, facts, and stuff. I think it’s a shame that that has 
become what it is. (VNOS Follow-Up Interview) 
 
 Beverly also articulated a naïve understanding of the subjective NOS. According to 
Beverly, for science to be science, it should be “free of bias and all of the other assumptions and 
cultural norms” (VNOS Follow-Up Interview). In response to the question about science being 
universal or if it reflects social and cultural values, she responded,  
I think, yeah a little bit. Like religious cultural stuff like that a little bit. But for science to 
be really science it’s just out of me here, it is like do what you got to do and move on. It 
has to be free of bias; otherwise it’s no longer science. It’s no longer science and it can no 
longer be reliable. I guess because I’m a science teacher maybe that’s why I’m 
responding this way. But by the time you start to over rationalize things and want to put 
my personal perspective or cultural, then it kind of dilutes it. It’s no longer science. It’s 
something else. And it can no longer be trusted either. It means it’s open up for 
interpretation. And so now, who’s interpretation or perspective is right? Or whose 
conclusions do we hold on to? So it’s like it’s not adulterated. But for science to be 
science it just has to be free of bias and all of the other assumptions and norms. But 
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culture is varied around the world so whose cultural interpretation do we now hold on to. 
How do we...What culture will be?...You know that leaves it open. And the more you 
poke holes in scientific knowledge, I think you destroy it. It’s no longer science. (VNOS 
Follow-Up Interview) 
 
Renee articulated a mixed understanding of the subjective NOS. Renee believes that 
people’s backgrounds can influence their view of certain aspects. However, Renee also 
articulated that a person’s background should not influence scientific processes. For example, in 
response to the resolution of the dinosaur extinction controversy, Renee stated,  
All right, so we can go back to that whole religion thing, because scientists can be 
religious as well. Depending on what type of background you have, it might cause you to 
be biased. You may not believe that that asteroid really hit the Earth and really did that. It 
doesn’t mean it wasn’t true. I wasn’t there 65 million years ago, so I can’t tell you for 
sure. I think a lot of times your perspective and where you come from can influence the 
way you look at information. We need to really be students where we actually just read 
the information for what it is, as opposed to putting our own belief system in here. I think 
we do that quite frequently in science. (VNOS Follow-Up Interview) 
 
In response to the question about the dinosaur controversy, Adrian wrote a similar 
response as Renee, which highlighted his mixed view of the subjective NOS. Like Renee, Adrian 
understands and articulates that a person’s background can influence the way a person views 
certain aspects; however, Adrian feels that biases and different interpretations are not good in 
science. He stated, 
What I took it as is, scientists have different interpretations of the same information, 
based on their research or maybe their background knowledge in their field of study. 
They might have an inclination to put more stock or support in their own research, or 
research of other scientists in the same field. I think that might lead to some controversy. 
I don’t ever think there will be an universal resolution because science is always 
evolving. New information means new scientific discovery. You just keep adding more 
fuel to the fire and so this view of dinosaurs’ extinction will always change, and 
unfortunately based on interpretation and probably even bias, I didn’t write that down, 
probably bias, there will probably never be a universal resolution. I think it is the bias that 
gets in the way of just looking at the data that we have. (VNOS Follow-Up Interview) 
 
Furthermore, Adrian explained his mixed understanding using a discussion about how dinosaurs 
looked and moved. Adrian explained,  
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I think that goes back to a previous question with the imagination. You’re using just 
creativity to interpret information. But if you’re using interpretation, unfortunately they 
are biased in that. Because you are interpreting it one way and different people interpret 
different ways. Field of study, background knowledge, influences that directly, I feel. So 
yeah, I don’t, I wish there was a universal concept but I don’t think that it will ever 
happen. (VNOS Follow-Up Interview) 
 
Lindsey articulated a mixed understanding of the subjective NOS. Lindsey, like Adrian 
and Renee, understands that scientists see things differently based on their backgrounds. 
However, Lindsey also believes that science is concrete and should somewhat be void of bias 
and opinions. When asked if she would say that science is not based on different expressions or 
personal experience, Lindsey responded,  
I mean, I wouldn’t say completely not. You have different minds looking at something to 
figure something out. So different people have seen different things and they’re trying to 
interpret what’s going on. We have that. That would be the same with art and science, but 
science is more concrete. It’s more so about the data and being objective where art is just 
your personal opinion about something. (VNOS Follow-Up Interview) 
 
Charlotte was able to articulate an informed understanding of the subjective NOS in her 
own words. In Charlotte’s response, she referred back to the question, “Do you think scientists 
use their imagination and their creativity in their investigations?” in order to explicate her views 
of the subjective NOS. Charlotte recognizes that scientists bring their personal backgrounds to 
science. She responded,  
Because of the whole imagination-creativity piece, and how you approach things, and 
beliefs. Beliefs really shape our thinking and our acceptance of things. Going back to the 
whole evolutionary thing, that has some sense of what we think happened to the 
dinosaurs. You could sprinkle a little evolution in there, they maybe died out because 
they were unable to adapt to the Earth, and all these other things. 
I think it’s how you interpret the evidence, too. All statisticians will argue that 
data can be skewed, based on how you look at it. Data are relative to what you’re trying 
to prove. Let’s be real. If I’m trying to prove something, I’m definitely going to pull 
some datasets, and I’m going to really dress that up to make it be what I want it to be. 
So, I think that’s part of it, too. That you’ve got all these scientists with all these 
different belief systems, and their approach and their thoughts and their creativity behind 
it, that leaves the wiggle room of, ‘I think they became extinct, because ...’ versus this 
person believes they became extinct because of whatever. (VNOS Follow-Up Interview) 
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Caroline articulated an informed understanding of the subjective NOS in her own words. 
Caroline also recognizes that scientists bring their personal backgrounds and experiences to the 
field of science and this influences how scientists interpret data. In response to the dinosaur 
extinction question, Caroline responded,  
I think that’s where your imagination, creativity, and thought process and perspective 
come into play. I think because...Well, first of all, and then let’s also talk about the fact 
that I feel like some of these higher echelon scientists are...They get into this, ‘I’m right, 
you’re wrong’ kind of thing and don’t want to make the adjustment to...They’re in this 
school of thought and it’s like, ‘Well, my school of thought is right, and I don’t care what 
your school of thought says. I’m going to look at it this way’ and ‘my school of thought 
is right and I don’t care what you say.’ And I think that there’s a part of that, even though 
in the back of their minds they’re like, ‘It possibly could be.’ I think that something as 
cataclysmic as the extinction of dinosaurs, how was it just one thing? Why couldn’t it be 
a multitude of things? Why couldn’t it be the convening of multiple things that caused 
this particular reaction to the Earth? (VNOS Follow-up Interview) 
 
Suzanne articulated in her own words an informed understanding of the subjective NOS. 
Suzanne recognizes that scientists’ education, background, and thought processes can influence 
their understanding of science. In response to the dinosaur extinction question, she responded,  
Scientists have their own thinking, their own imagination, their own creativity, in order to 
go forward. Because every person has different thinking and different perspectives, and 
that is the reason. We do have the same, we have the same education, but their way of 
thinking, their imagination is different. We can interpret the data differently. (VNOS 
Follow-Up Interview) 
 
Finally, Charlie was the only participant to articulate an informed view of the subjective 
NOS in his own words and provide a supporting example. Charlie wrote the following in his 
VNOS questionnaire in response to the question about the dinosaur extinction controversy,  
Although there are scientists who may have the same information, each person has 
learned the information differently. Due to the cultural backgrounds, delivery of the 
lessons, and how individuals learn, all people still have their ways of processing the 
information. (VNOS questionnaire) 
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When asked to elaborate on his response, Charlie launched into a response about disease, 
medicine, and research. Charlie believes that what scientists decide to place emphasis on when 
researching is culturally biased. Charlie argued,  
If I look at when you say cultural values to mean, let’s look at certain diseases that lend 
themselves to more research based on who is being attacked. Now, when I say who is 
being attacked, what I mean is, if I can think of some diseases right now that are 
more…let’s say high blood pressure. It is normally a disease that attacks minorities. 
There has been some research on that but not enough to alleviate or to eliminate high 
blood pressure. I guess my point is that I think sometimes, research is culturally biased. 
There are social aspects that influence what we research and even if you look at AIDS. It 
was once thought that AIDS was a gay disease but now we know it is attacking more 
people who are not gay. So now there is more research being done on it to try to find a 
cure for it. Whereas other diseases you kind of put on the back burner if they are not 
attacking more of the population. (VNOS Follow-Up Interview) 
 
Empirical NOS 
Science and the development of scientific knowledge are partially based on observations 
of the natural world (Lederman et al., 2002). If a participant indicated that science and the 
development of scientific knowledge depends on observations, then that participant received a 
continuum score consistent with a more informed view of the empirical NOS. On the other hand, 
if a participant mentioned that science is concerned with facts, and that it is straightforward and 
does not allow for personal bias or individual views, that participant received a continuum score 
consistent with a more naïve view of the empirical NOS (See Figure 10).  
Lindsey was the only participant to articulate a naïve understanding of the empirical 
NOS. Omar and Suzanne articulated an informed understanding of the empirical NOS while 
Lucy, Beverly, Adrian, Charlotte, and Charlie articulated an informed understanding in their own 
words. Renee and Caroline were able to provide an example to support their understanding.  
Lindsey articulated a naïve understanding through her response to the question about 
similarities and differences between science and art. Lindsey’s responses indicated that science  
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Figure 10. Participants’ continuum scores for the empirical aspect of NOS.  
Note. Continuum scores are not absolute. 0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding.  
 
is about facts, which is consistent with a more naïve understanding of the empirical NOS. 
Lindsey stated,  
They are both disciplines of aesthetics and order. They are both disciplines of reason and 
analysis. Science and art are similar because they allow for exploration. They are 
different because art is open to many different expressions based on personal experiences 
whereas science is order and more about the facts. (VNOS Follow-Up Interview) 
 
Omar articulated an informed understanding of the empirical NOS. Omar recognizes that 
science is based on evidence. In response to the question about the differences between science 
and other disciplines of inquiry, Omar responded, “Science is different because it’s mostly based 
on evidence. Based on what you can measure, what you can see, feel, touch or, you can measure 
what you use in instruments. That’s the main thing with science” (VNOS Follow-Up Interview). 
Omar further stated,  
Science is the systematic study of the world. Science differs from many other disciplines 
in that it focuses on observable phenomena that are measureable by objective methods. In 
other disciplines, the observations tend to be subjective and are not always measurable. 
(VNOS Follow-Up Interview) 
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Additionally, Omar mentioned that experiments are not needed to gain or develop scientific 
knowledge,  
In science you don’t necessarily need to perform experiments or physical experiments 
where in order to develop new, in order to develop scientific knowledge, or to gain 
scientific knowledge. There are some things called, what’s the word, experiments in 
thought. Like concepts or philosophical experiments so to speak. Where you analyze a 
scenario without actually performing any experiments with actual objects. And there are 
also some knowledge that we know in science based not on experiments, but they were 
later on confirmed by experiments. (VNOS Follow-Up Interview) 
 
It is interesting that Omar recognized “experiments in thought” to be empirical in the sense that 
they can develop scientific knowledge, but did not see the subjective NOS.  
Suzanne articulated an informed understanding of empirical NOS in her response to the 
question about what makes science different from other fields of study. In her questionnaire, 
Suzanne wrote, “Science and art are similar as both require good observation and experiment. 
Art describes the beauty of nature while science describes the behavior of nature” (VNOS 
Questionnaire). In the follow-up interview, Suzanne further clarified her response,  
For me, science and art, are both similar, in the sense that they lead to really good 
observations. When we look at the art, we see all those beautiful features. When we see 
it, we are trying to find characteristics as factors with scholars. Basically, you are 
observing it, right. Science is the same thing; based upon your observation and about 
whatever you’re recording, you make your laws, your hypothesis, and conclusions. 
(VNOS Follow-up Interview) 
 
Additionally, Suzanne discussed her understanding of the empirical NOS when she responded to 
the question, “What is an experiment?” She wrote, “An experiment is a scientific procedure 
based on observation to determine something” (VNOS Questionnaire). When asked to elaborate 
on her view of a “scientific procedure,” she responded, “Scientific means it’s based on the 
observations and the experiments” (VNOS Follow-Up Interview).  
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Lucy articulated in her own words an informed understanding of the empirical NOS. In 
her questionnaire, Lucy wrote, “Science is based on finding answers to natural causes that are 
observable phenomenon using properties that can be tested, measured, and controlled. Whereas, 
religion and philosophy are based on a system of beliefs with no absolutes” (VNOS 
Questionnaire). When asked to elaborate on her written response, Lucy responded,  
The whole thing about science is that it’s supposed to be measurable. I think that’s the 
whole thing that you can see it, measure it, test it. It’s concrete. That’s the main thing that 
you can observe it. I think that’s what I like about chemistry and biology because in most 
cases it doesn’t fit in with evolution. Because you can see a heart beating. You can 
measure things. You can test and find out for real. Because that’s what science is 
supposed to be. It’s not guessing things, it’s real. It’s supposed to be concrete; whereas, 
with religion it’s based on I believe this, I think that. Same with philosophy. This is what 
I think,...you have your truth, this is my truth. That’s your truth and it’s okay if you 
believe that. I believe this. That’s the difference between science. Science is supposed to 
be, everybody knows that these are the characteristics. You can define things, and you 
can agree upon those characteristics. (VNOS Follow-Up Interview) 
 
Furthermore, Lucy solidified her understanding with her response to the question, “Does the 
development of scientific knowledge require experiments?” Lucy responded,  
I think so because you have to have evidence. Science is based on evidence. That’s where 
it’s different from philosophy. Because philosophy is just I think this and this is what I 
feel and la-di-da. That’s where science is different. Science is concrete, supposed to be 
concrete, and you have evidence to prove what you think. (VNOS Follow-Up Interview) 
 
Beverly also articulated in her own words an informed understanding of the empirical 
NOS. When asked, “Does the development of scientific knowledge require experiments?” she 
wrote, “Not necessarily. They may include only observations, because that is science as well. 
The main thing is that some forms of data are collected during the observation or 
experimentation” (VNOS Questionnaire). When asked to elaborate on this response, Beverly 
stated,  
I believe that a lot of the advancement we have, the development of scientific knowledge 
we have today has to do with showing proof using the data collected. Otherwise, how do 
you trust that it’s legit? How do you trust that somebody else in China could replicate the 
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experiment? If it’s not going to work in China, then we need to know why it doesn’t 
because, a lot of people depend on what we call scientific knowledge. Organizations, 
companies, medical fields, agricultural fields all depend on what knowledge comes out of 
science. To develop anything, could be medicine, could be technology, could be 
anything. There’s got to be data collection, of course; but at the same time, because 
science is not all about experiments. It is also about observations. (VNOS Follow-Up 
Interview) 
 
Adrian was able to articulate in his own words an informed understanding of the 
empirical NOS. Adrian’s responses clearly indicated that science and the development of 
scientific knowledge are grounded in data and evidence. In response to the question about what 
is science, Adrian wrote, “Science is about discovery and making sense of the world around us. I 
believe that other disciples like religion and philosophy create a system of beliefs and science 
bridges our beliefs by providing us the proof and support” (NOS Questionnaire). When asked to 
clarify his understanding of discovery, he responded,  
Being hands on. I guess from the philosophy of seeing is believing, so being hands on, 
seeing the things happen in front of you, manipulating them so you can produce the same 
result, rather than just wholeheartedly accepting an idea. Sort of like...In the question it 
says other disciplines, religion, philosophy; those are ideas. It’s just providing the proof 
so that you’re not just taking the idea wholeheartedly. (Follow-Up Interview) 
 
When discussing his response to the question, “Should the public accept scientists’ explanations 
or descriptions of things they have not seen?” Adrian responded,  
I don’t think that as a public we should just accept all scientific explanations outright. As 
a public we need to be able to analyze all viewpoints of an argument and be able to make 
an interpretation on our own. It’s not a belief system. I believe science is about finding, 
gathering, and presenting information and not forcing a belief system onto the public. 
Science should be ‘I found it, I gathered it, I present it to you.’ The public should be able 
to take that and really do what they want to do with it. It’s not even like, I’m forcing you 
to believe that gravity’s a thing but I presented 99/100 times, when I’ve done this, this is 
what happens and I call it gravity. You don’t have to believe me, but I have all this data 
to support it, and so you know it’s more consistent and more believable because it has 
that scientific backing to it. Again, stemming from the question, as a public should we 
accept scientific explanation that we have not seen? I think we can accept it if it has 
findings, gatherings, and information; but, we don’t have to accept it. (Follow-Up 
Interview) 
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Charlotte articulated in her own words an informed understanding of the empirical NOS. 
When questioned about what science is and what makes science different from other fields, 
Charlotte responded,  
Because science is more so drawn on evidence. The whole idea with science is that when 
you make claims, or when you propose new ideas, there has to be some evidence, some 
proof behind what you do. There’s been major controversy, when I was in graduate 
school, where a lot of people would have a struggle between certain aspects of science 
and religion. For me, I found that science sometimes supports certain things that, in 
religion, were kind of like...if you didn’t have the science behind it, it would kind of be 
like...‘Oh, why did that happen, what was the basis of that?’ I think all of it goes hand-in-
hand to support one another. But like I said, the main thing, when you think about 
philosophy or religion is more so like...what you were taught on more of a belief system, 
versus with science you could believe something, but based on newfound knowledge or 
based on current evidence, your thought can change as a result of new discoveries. I think 
science helps with the burden of proof. (VNOS Follow-Up Interview) 
 
Charlie also articulated in his own words an informed understanding of the empirical 
NOS. In response to the question about the differences between science and other fields of 
inquiry, Charlie responded,  
In my view, science is anything that the scientific method may be applied to. Within the 
scientific method, science consistently proves that there is an ever-evolving concept of 
steps that allows individuals to observe, generalize, theorize, and test. Science is different 
from religion or philosophy because science provides evidence from experiments and 
observations; whereas, religion and philosophy are solely based on beliefs, morals, and 
values. (VNOS Follow-Up Interview) 
 
Renee articulated an informed understanding and was able to provide an example of the 
empirical NOS when she described what science is and what makes it different from other fields. 
Renee recognizes that both experiments and observations are routes to the development of 
scientific knowledge. Renee wrote, “Science is knowledge, and scientific disciplines such as 
biology deal with the obtainment of knowledge in the natural world” (VNOS questionnaire). 
When asked to elaborate on her response, she stated,  
Well, when I was in high school I remember studying Latin, and I learned that science 
meant knowledge. Throughout my high school career and collegiate career every science 
 142 
 
class that I took had to deal with obtaining some type of knowledge, whether we’re 
learning about the human body, or learning about the Earth, it was some type of 
knowledge. For me, that’s what science is, it’s all about knowledge, and it’s knowledge 
about the natural world, the things that we can see, touch, hear, smell, feel. That’s what 
science is. (VNOS Follow-Up Interview) 
 
Renee’s response to the question about whether the development of scientific knowledge 
requires experiments also highlights her understanding of the empirical NOS. She wrote, “Not all 
scientific knowledge requires an experiment. Scientific knowledge can be obtained through the 
investigation process as well. The big bang theory and theory of evolution did not require 
experimentation to form scientific knowledge” (VNOS Questionnaire). When asked to elaborate 
on her written statement, she responded,  
I was thinking about the development of the theory of evolution and the development of 
the big bang theory, in particular. There were some elements that had some 
experimentation, but for the most part, when I think of experiment I’m thinking that I’m 
collecting and I’m testing data. I think that we don’t always have to do that to get 
knowledge. Sometimes, we can get knowledge by purely observing what we see and 
making some inferences based on those observations. I think it’s important that the kids 
know that, too. Science is not always about the lab. That’s what they think of science, 
science is a lab, but it’s not all about the lab. (VNOS Follow-Up Interview) 
 
Finally, Caroline also articulated an informed view of the empirical NOS and was able to 
give an example. In her examples, Caroline realizes that science is based both on quantitative 
evidence as well as on qualitative evidence. When she was asked what makes science different 
from other fields of inquiry,” Caroline responded,  
What makes science different from other disciplines is that the importance is placed on 
quantitative evidence and the repetitiveness of the results that you get. I think that lots of 
things are similar in different disciplines. I think observations are important always. 
People’s varied perceptions and perspectives are important always. But, this whole 
evidence-based approach that we’re taking in our classrooms now I feel like has its basis 
and the basis of what science is that we want to have quantitative proof. But, even if you 
have two types of proof, we put more value on the numbers. (VNOS Follow-Up 
Interview) 
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Caroline further expounded on her understanding by citing an example she used with her 
students about her first time cooking turkey meatloaf. She explained,  
I always talk to my kids about how I made meatloaf for the first time and it was super 
delicious and then I made it for the second time and it was super nasty. Then I had to go 
through this whole process of how do I make it good again? What kinds of things do I 
need to adjust? What kinds of things do I need to change? It wasn’t any kind of 
quantitative data that I was getting. I didn’t have a Likert scale. I didn’t want quantitative 
information from that. IT was a qualitative observation that was designed from that 
particular experiment. Again, I do think that we value quantitative numbers over the 
qualitative ones. However, that doesn’t negate the importance of qualitative. (VNOS 
Follow-Up Interview) 
 
Caroline provided another example that highlighted her understanding of the empirical NOS,  
And even online dating, which sucks, just FYI, but, you know, doing mini experiments in 
that, because I’m thinking, ‘Okay,  clearly no one’s looking at my picture, or looking at 
my profile. If you’re not looking at my profile you clearly can’t see how awesome I am.’ 
So, I changed the picture. Still really no results. I now think, ‘Okay, let me see...let me 
expand my range of people that are acceptable.’ All of those things are experiments 
because I’m trying to figure out some other information. (VNOS Follow-Up Interview) 
 
Imaginative and Creative NOS  
In addition to science and the development of scientific knowledge having an empirical 
basis, it is also imaginative and creative. Lederman et al. (2002) reported that, “Science involves 
the invention of explanations and theoretical entities, which requires a great deal of creativity on 
the part of the scientists” (p. 500). If a participant mentioned that scientists use imagination and 
creativity along with logic in many scientific processes, that participant received a continuum 
score consistent with a more informed view of the imaginative and creative NOS. On the other 
hand, if a participant indicated that the only phase scientist use creativity is in data collection 
because scientists in all the other phases need to be objective, that participant received a 
continuum score consistent with a more naïve view of the imaginative and creative NOS.  
 One participant, Beverly articulated a naïve understanding of the imaginative and creative 
NOS, while Renee articulated a mixed understanding of the imaginative and creative NOS. One 
 144 
 
participant, Omar articulated an informed understanding of the imaginative and creative NOS. 
Four participants―Adrian, Charlotte, Lindsey, and Charlie―articulated in their own words an 
informed understanding of the imaginative and creative NOS. Three participants―Suzanne, 
Caroline and Lucy―articulated an informed understanding in their own words and were able to 
provide examples of their understanding (See Figure 11).  
 
Figure 11. Participants’ continuum scores for the imaginative and creative NOS.  
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Renee articulated a mixed understanding of the creative and imaginative NOS. Renee 
believes that scientists are creative people who use imagination and creativity but it should only 
be used in certain phases. Renee stated,  
A scientist and an artist, they are very creative people, even though a lot of scientists 
don’t think they’re creative. You think about a lot of those ideas, like Newton, just sitting 
around and just starting to think about, ‘Why is this happening?’ Mendel, Darwin, there 
has to be some type of creative thought. (VNOS Follow-Up Interview) 
 
 Renee further stated that, “Imagination and creativity are important parts of scientific 
investigations. The planning and hypothesis stages require scientists to have some imagination” 
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(VNOS Questionnaire). She went on to mention that these are the only stages in scientific 
investigations that should have creative and imaginative aspects. Renee explained,  
I would say, probably, when they’re doing some type of background research. If I’m 
doing something with engineering I might have to imagine how I’m going to build 
whatever that is, that requires some type of imagination, some type of creativity. I 
definitely don’t see them using imagination and creativity with the data analysis. No, you 
don’t need to imagine with data. We don’t need to be creative. You can be creative with 
how you present it. Do I do a bar graph? That’s about it. I think with the background 
knowledge, planning your experiment, and then hypothesis, I think it does require some 
type of imagination, it requires some type of creativity because you have to be able to see 
something that is not concretely there. (Follow-up Interview) 
 
When asked to explain why she said “not during data analysis,” Renee responded,  
We want to make sure that it’s repeatable and it’s replicable. If I’m making up numbers, 
yeah. That’s not good. That’s not good. We don’t need that part, we want to be able to 
trust what the scientist is saying, so at that particular point you don’t want to use your 
imagination. (Follow-up Interview) 
 
Omar articulated in his own words an informed understanding of the imaginative and 
creative NOS. Omar recognizes that logic is important in the scientific process. In response to 
the question about scientists using imagination and creativity in their investigations, he wrote,  
Yes. Scientists need to be creative in order to develop unique methods and tools for 
conducting investigations. Having an imagination enables the visualization of possible 
scenarios that might occur during investigations and plan accordingly to avoid 
unnecessary complications during investigations. It also allows them to isolate specific 
factors for their investigations. Creativity also helps when developing models to explain 
observed phenomena. (VNOS Questionnaire) 
 
During the follow-up interview, Omar expounded upon his response,  
Scientists definitely have to be creative, because, sometimes science can be used to solve 
problems. But in order to solve the problem, you have to be creative in your methods. 
Sometimes one method might not work, or the most common method might not work. 
Therefore, you have to be able to visualize other ways of approaching the problem, and 
that requires creativity. At times, you have to create a tool that doesn’t exist. That is a 
form of creativity as well. (VNOS Follow-Up Interview) 
 
Adrian articulated in his own words an informed view of the imaginative and creative 
NOS. Adrian believes that scientists use imagination and creativity during the planning and 
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investigation phases and he believes that scientists use logic in their investigations. For example, 
in response to the question about scientists using creativity and imagination during their 
investigations, he wrote,  
I do believe that scientists use a little bit of creativity, and it’s in their planning and 
experiment that they have to use a little bit....They have to be intuitive and find new ways 
to test experiments. My view of this, with technology that’s ever changing, scientists also 
have new technology to use, in order to tackle both new and old problems and sometimes 
it can lead to new developments in scientific understanding, maybe new or old. But the 
biggest thing is that, it’s a creative piece. But I think they have to be creative in tackling, 
sometimes very similar, old problems but at a different perspective, to test for new things. 
(Follow-Up Interview) 
 
During the interview Adrian explained further,  
 
I feel that, if I key in on imagination I could see them using it. Being a bit imaginative in 
interpretation of data. Taking what they found and trying to apply it to new or old 
theories, laws, principles, that sort of thing. The world of science in general, would 
require a little bit of imagination so they can blend ideas. Or if you’re as radical even 
replacing an old idea that would require a little bit more imagination. (Follow-Up 
Interview) 
 
Charlotte has an informed understanding of the imaginative and creative NOS and 
articulated her understanding in her own words. Charlotte stated that scientists use creativity and 
imagination in the planning and investigation phases as well as the theorizing about new ideas. 
Charlotte explained,  
It does take a level of creativity when you’re developing experiments, because when you 
think about, like I said, way before we had technology, scientists were doing authentic 
research, and didn’t necessarily have the tools that we have now to do it. They had to be 
creative and unique in how they set up and the tools they used. I think in the use of what 
materials they use, and even in the protocol that they use, there needs to be a level of 
creativity.  
So I think the creativity comes in, the protocol of how you do things, even the 
instrumentation. Even maybe the putting-together of multiple ideas. Because again, when 
you think about science, science is so broad. There are so many ideas that you can put 
together to explain one thing. Being able to put that depth of knowledge together, and 
make those connections between cross-cutting concepts, that takes a level of creativity, 
too. (VNOS Follow-Up Interview) 
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Lindsey also articulated in her own words an informed understanding of the imaginative 
and creative NOS. Lindsey believes that scientists use imagination and creativity in the designing 
and testing phases. She also thinks that logic is involved in the scientific process. In response to 
the question about scientists using creativity and imagination during their investigations, she 
responded,  
Yes, I think it requires imagination and creativity to form hypotheses and to design an 
experiment. Scientists think outside of the box when testing new ideas in order to explore 
the possibilities. I think scientists are very creative. Whenever you are looking at a test to 
try to find out, even something like, ‘What is the dependent variable here?’ I think it 
takes creativity for that. Also, to come up with a hypothesis. You have to have creativity 
with that. When it comes to, ‘How do we test this? How can this be tested?’ and then 
once it’s tested, to be able to just to be able to sit back and think, ‘What the hell is going 
on here? What do these results mean?’ All of that takes imagination and creativity. You 
can’t be an average thinker. Even though I think science is concrete, I don’t think you can 
be a complete concrete thinker to be able to be a scientist to figure things out. (VNOS 
Follow-Up Interview) 
 
Charlie articulated in his own words an informed understanding of the creative and 
imaginative NOS. Charlie recognized that imagination and creativity take place in several phases 
of scientific investigations. In response to the question about scientists using creativity and 
imagination during their investigations, Charlie responded,  
Imagination leads to creative thinking. Scientists must be creative in their thinking in 
order to plan and interpret their investigations. When I published my first paper, I used 
my imagination to come up with the problem I wanted to research. I think that my 
imagination and creativity flowed through the rest of the research process from how I 
planned and carried out my investigation, to how I interpreted and presented the results. 
(VNOS Follow-Up Interview) 
 
Suzanne expounded in her own words an informed understanding of the imaginative and 
creative NOS and provided an example to support her understanding. She highlighted the 
example of the location of an electron in an orbital. Suzanne wrote, “Yes, scientists use 
imagination and creativity in their investigations. For example, scientists use imagination and 
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creativity to locate the exact position of an electron in an atom and creativity to draw their 
orbitals” (VNOS Questionnaire). In the follow-up interview, Suzanne elaborated,  
The exact position of an electron, because nobody has seen electrons in an atom and 
nobody knows where is the fixed position of, or location of the electron. Basically, 
according to those orbitals, scientists have imagined, this is how it’s going to be, the 
orbital of the electron. Because I think if they never believe these kind of things, I don’t 
think they are going to find out the exact position of the electrons. Because, science is 
like an imagination, because every possible thing is not able to be seen with your naked 
eye. There is a reason they have those microscopes, this and that. Some things are also 
not possible for you to see, even with that. (VNOS Follow-Up Interview) 
 
Caroline articulated an informed understanding of the imaginative and creative NOS and 
was able to provide an example supportive of her thinking. Caroline was able to articulate 
imagination and creativity in many scientific processes. In response to the question about 
scientists using imagination and creativity in their investigations, she responded,  
Absolutely. I think you can’t do science without being imaginative or creative. There’s a 
guy out of Georgia Tech, his name is Manu Platt and he talks about the fact that so many 
different kinds of people need to become scientists because we all think very differently, 
and so the perspective that one person has on how to solve this particular problem might 
be very different than someone else’s. He does research around prostate cancer and 
coming up with different ways so you don’t have to do the digital exams. The way we 
think and how different we think and what we bring to the table, which is our imagination 
and creativity, plays a lot into not only the things that we’re interested in finding out but 
also how we go about testing that stuff. (VNOS Follow-Up Interview) 
 
Furthermore, Caroline explained that imagination and creativity is involved in experimentation, 
data analysis, and the publication of results. She elaborated,   
I think throughout lots of different process....What I wrote was determining the question, 
figuring out the right way to test or experiment, when that doesn’t work going back to the 
drawing board to come up with another way to test what you’re looking for, determining, 
once you get your data, how do you want to showcase it? How do you want to evaluate 
it? What parameters do you want to use? Using SPSS when you look at public health 
data. Evaluating stuff based on are you going to look at gender and ethnicity, you know 
like trying to figure out what pieces you’re going to look at. You have to be creative as 
well. When you figure out your conclusion how are you going to write that up? I think all 
of those things require some level of creativity and imagination to get the best results. I 
read an article where it was talking about STEM, but it was like how can you have STEM 
without liberal arts? Being exposed to liberal arts? Because just thinking about science is 
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just this...As a sterile discipline, does not make for any kind of creativity in the lab. 
(VNOS Follow-Up Interview) 
 
Lucy also articulated an informed understanding of the creative and imaginative NOS and 
provided an example. When asked if she thinks scientists use their imagination and creativity in 
their investigations, Lucy responded,  
They have to. They have to think outside the box and they have to come up with in their 
mind, what is the next step. Figure it out in their head first and just make a guess, this is 
what I think it might be. Then they do a trial to test it out. They have to plan and develop. 
That’s like Edison and the light bulb and he had to just experiment with the gas and what 
things to use. Over and over and over until he finally got it right. He had to be patient 
with that. (VNOS Follow-Up Interview) 
 
When Lucy was asked what part of the investigations scientists use their imagination and 
creativity, she explained that scientists not only use imagination and creativity during the 
planning and design process, but during data analysis, too. She stated, 
Well, they have to when there’s an unknown they have to extrapolate from the 
information they have to the next step. Like what Watson and Crick did. What they did 
was based on what Watson says, which later on Crick just didn’t really agree with all the 
things that Watson was saying from the book. But, Watson would go...they would go to 
the pub. I’ve read his book, and he would just talk to people. Watson would just dig, 
‘What do you think about that? Or what could it be?’ Crick was able to put it together 
because of his knowledge of chemistry and physics. Watson was a biologist. So you have 
to probe it and pry into people’s thoughts, what do you think? What could it be? (VNOS 
Follow-Up Interview) 
 
Furthermore, Lucy explained the critical thinking and logic that is necessary in scientific 
investigations. She stated,  
In their mind they have to go beyond the facts that they have and pull together...I guess 
it’s critical thinking, pull together in their mind. That’s what you have to do. That’s what 
a scientist has to do in their brain, think about the next step and see it in their mind. 
That’s what they do. I feel like that’s what Watson and Crick did. They saw it in their 
mind. What they were doing, when he was building the double-helix. They had to 
visualize it and see it, make it concrete. (VNOS Follow-Up Interview) 
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Social and Cultural Embeddedness of Science 
Science is a product of cultures and other social and cultural elements of the culture in 
which it is practiced. Therefore, science and the development of scientific knowledge is a 
product of the culture in which it is practiced (Lederman, 2007). If a participant mentioned that 
culture can influence science and the development of scientific knowledge, that participant 
received a continuum score consistent with a more informed view of the social and cultural 
embeddedness of science. However, if a participant mentioned that science is not influenced by 
culture and other societal elements, that participant received a continuum score consistent with a 
more naïve view of the social and cultural embeddedness of science.  
 Three participants―Renee, Beverly, and Lucy―all articulated a naïve view of the social 
and cultural embeddedness of science. Five participants―Lindsey, Adrian, Omar, Caroline, and 
Charlotte―articulated a mixed view of the social and cultural embeddedness of science. Two 
participants, Suzanne and Charlie, articulated in their own words an informed view of the social 
and cultural embeddedness of science and were able to provide examples (See Figure 12).  
Renee, Beverly, and Lucy articulated a naïve understanding of the social and cultural 
embeddedness of science. Renee does not recognize the social and cultural influences on science 
or the development of scientific knowledge, which is consistent with a naïve understanding of 
the social and cultural embeddedness of science. For example, Renee stated,  
Science is universal because the laws, theories, rules, and phenomenon associated with 
science are same everywhere regardless of any region, country, society or culture. 
Mendel’s laws of inheritance and the explanation they provide for basic genetics applies 
to all living things undergoing sexual reproduction. (VNOS Questionnaire) 
 
In the follow-up interview, Renee explained further,  
 
Science, like math, I believe is universal. It’s not influenced by language differences, or 
anything like that. I use the example of Mendel’s laws of inheritance, it gives us...Okay, 
so I know that it’s a bad example. It’s a bad example for humans, so I’m going to go with  
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Figure 12. Participants’ continuum scores for the social and cultural embeddedness aspect of NOS. 
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).    
 
the pea plant because that’s probably simpler. It gives us an explanation of how traits are 
inherited in this particular species, so we’ll go with the pea because humans, we know, 
are a little bit different. It doesn’t matter what type of culture I come from, that’s what it 
is for me. It’s just like two plus two. I added the technology piece because what I think is, 
is that science is universal but technology isn’t. The technology of a society is reflective 
of that society. I think about here, the technology we have is in line with some of our 
value systems that we have, and then the lack of technology in many countries is based 
on their value system that they have. (VNOS follow-up Interview) 
 
Similarly, Beverly also articulated a naïve understanding of the social and cultural 
embeddedness of science. She claims that in order for science to be science, it must be free of 
personal and cultural influences, which is consistent with a naïve understanding of the social and 
cultural embeddedness of science. In her VNOS questionnaire, she wrote,  
I guess I am biased to this question because I am a more of a physical science person, but 
I see science as more universal. I tell my students, water is water is water, in terms of the 
compound. However, as a mixture, it is not the same. It will depend on impurities from 
its immediate environment. So I think though the core of science is the same, it may be 
interpreted differently by some who choose to. (VNOS Follow-up Interview) 
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During the follow-up interview, Beverly further elaborated on her view,  
For science to be really science it’s just out of me here, it is like do what you have to do 
and move on. Yeah, it has to be pure; otherwise it’s no longer science. It’s no longer 
science and it can no longer be reliable. I guess because I’m a science teacher maybe 
that’s why I’m responding this way. By the time you start to over rationalize things and 
want to put my personal perspective or cultural, then it kind of dilutes it. It’s no longer 
science. It’s something else. And it can no longer be trusted either. It means it’s open for 
interpretation. And so, now, who’s interpretation or perspective is right? Whose 
conclusions do we hold on to? (VNOS Follow-up Interview) 
 Lucy also articulated a naïve understanding of the social and cultural embeddedness of 
science. Lucy recognizes that science is influenced by social and cultural factors but that it 
should not be and once it is, it can no longer be called science. Lucy stated,  
Science can’t help but be both social, cultural, and universal; especially in the unknown 
and unexplained. So until there is actual concrete evidence possible in those cases, such 
as the theory of evolution, it almost becomes a philosophy, a religion. I see it as not being 
true science anymore, and to believe in it, it takes leaps of faith. (VNOS questionnaire) 
 
 Lindsey, Adrian, Omar, Caroline, and Charlotte all articulated a mixed understanding of 
the social and cultural embeddedness of science. For Lindsey, people’s understanding of science 
is influenced by cultural and religious views. However, she also believes that these cultural and 
religious views do not influence science. For example, in response to the question about science 
being universal or if it contains social and cultural influences, Lindsey stated,  
I believe that most people’s scientific beliefs are infused with religious and cultural 
views. I do believe that science is universal. No matter what your religion, no matter what 
your social status or your social station or where you live, science is universal. The law of 
motion is going to be no different for me than someone who believes in the flat Earth, 
even though I do believe that most of our beliefs do come from social aspects or religious 
aspects of our life. (VNOS Follow-Up Interview) 
 
Similarly, Adrian expressed a similar sentiment. In response to the question about science 
being universal or if it contains social and cultural influences, he stated,  
Unfortunately I believe that science, which I believe should be a universal process of 
experimentation supported by evidence and data, can be influenced by social and cultural 
values. For example, the current presidential administration for the large part does not 
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believe in the preservation of national parks and the current measures taken by the 
Environmental Protection Agency to address the problems of global warming. There has 
been extensive research and data collection related to this problem; yet, the current 
culture does not support this view and it has led to a negative view of this science. 
(VNOS questionnaire) 
 
Omar also believes that science is universal and is affected by social and cultural factors. 
For example, in response to the question about science being universal or if it contains social and 
cultural influences, Omar stated,  
In the past, science has definitely been affected by cultural social views and I say that 
because society can definitely interfere with the progress of science, like for instance, the 
flat world or the Earth-centric view of the universe or with the Earth being in the center 
of the universe. That ended up causing a long delay in progress when you think about 
seeing the world as round, as opposed to flat as many people thought for a long time. 
(VNOS Follow-up Interview) 
On the other hand, Omar believed science can be universal. He stated,  
It can be universal if when everything you look at, all the evidence from an objective 
point of view, without letting your own personal beliefs cloud your judgment, science can 
be universal in that sense. For a long time, diseases, sicknesses, and things like that were 
really attributed to curses or evil spirits. For instance, if there’s something that happens to 
members of a particular family, they might say there’s a curse on that family. But 
nowadays, when we look at it, we’ll find out some of those things are not curses but 
actually genetic anomalies or genetic defects that run in that family and it’s an inherited 
trait. (VNOS Follow-up Interview) 
Caroline believes that scientific knowledge is universal but can be shaped by social and 
cultural factors, consistent with a mixed understanding of the social and cultural embeddedness 
of science. In response to the question about science being universal or if it contains social and 
cultural influences, Caroline stated,  
The knowledge itself is universal. But how it is reported and shaped is dependent upon 
cultural values. Some of the advances we’re able to make are also determined politically. 
For example, the use of discarded fetuses from abortions was considered illegal during 
the second Bush administration. This abrupt halt to stem cell research halted potential 
cures. However, it did force scientists to look for other sources of stem cells with which 
to conduct their experiments. Our current administration’s view on climate change is also 
an example. They completely disagree, despite data and photographic proof, and then use 
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their platform to get other people not to believe and deny funding for research. (VNOS 
Follow-up Interview) 
Charlotte thinks that science and development of scientific knowledge is both universal 
and influenced by social and cultural factors. Charlotte stated, “I don’t think it’s either, I think 
it’s both. I think it’s universal in the sense that there are certain phenomena that apply across the 
board, when we think about DNA analysis and things like that” (VNOS Follow-up Interview). 
However, Charlotte also thinks science is influenced by social and cultural factors. For example, 
she stated,  
I think it could be both. I definitely think it could be both. But I think maybe more so on 
the cultural end. I do think that largely shapes...because ultimately, when you think about 
scientists you want to research something that interests you. It’s something that you see, 
that you connect with. ‘What is the connection?’ Typically your views, your beliefs, your 
viewpoints, are going to drive that. I’m not going to go look at horticulture, because I’m 
not interested in that. So if I’ve got X amount of money to do that, I will probably look at 
something that will be of a founding interest to me, something that I’m vested in. (VNOS 
Follow-up Interview) 
 
 Finally, Suzanne and Charlie articulated in their own words an informed view of the 
social and cultural embeddedness of science and were able to provide supporting examples. For 
example, Suzanne wrote, “Yes, science reflects social and cultural values. Some philosophers 
and scientists discovered things that existed in their culture and society” (VNOS Questionnaire). 
Suzanne elaborated further,  
I believe science reflects social and cultural values because upon the era in which the 
scientists is in determines what is researched and studied. For example, Archimedes was 
a different era, he just invented and discovered scientific methods. Einstein, in this era, he 
was studying how to create an atomic bomb, you know E = MC2, which is really quite 
opposite with the Archimedes era, right? Because the social settings were different, the 
culture was different. Now, it is different, so basically, depending on the culture and 
social values you have in your society, the scientists have a different focus in terms of 
scientific research. (VNOS Follow-Up Interview)  
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Charlie also wrote, “Science is filled with social and cultural values. Examples that lend 
knowledge to this fact are the many proven and disproven medical remedies” (VNOS 
Questionnaire). In his follow-up interview, Charlie elaborated further on his statement,  
If you look at homeopathy, or homeopathic remedies, there was one point in our society 
that people swore by homeopathy but now they’re saying that it’s not effective. I think 
that that is a good example of how science is filled with social and cultural values. I think 
that we can, at one point in our society believe one thing and then we can believe 
something else just based on cultural values. (VNOS Follow-Up Interview)  
 
Distinction Between Theories and Laws 
There is a distinction between scientific theories and scientific laws. Lederman (2007) 
stated that, “Laws are statements or descriptions of the relationships among observable 
phenomena” (p. 833). Lederman gave the example of Boyle’s law, which demonstrates the 
relationship between the pressure of a gas and its constant temperature. On the other hand, 
theories are “inferred explanations for observable phenomena” (Lederman, 2007, p. 833). For 
example, the kinetic molecular theory explains the observable phenomena described by Boyle’s 
law. There is no hierarchical relationship between theories and laws, and both are different types 
of knowledge within science (Lederman et al., 2002; Lederman, 2007). If a participant indicated 
that laws describe relationships among phenomena and theories explained those phenomena, that 
participant received a continuum score consistent with a more informed understanding of the 
distinction between theories and laws (Lederman et al., 2002). If a participant indicated a 
hierarchical relationship between theories and laws or that laws are true and theories are able to 
be proven false, that participant received a continuum score consistent with a more naïve 
understanding of the distinction between theories and laws (Lederman et al., 2002).  
Four participants―Omar, Charlotte, Lucy, and Caroline―articulated a naïve 
understanding of the distinction between theories and laws. Five participants―Lindsey, Beverly, 
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Renee, Charlie, and Suzanne―articulated in their own words an informed understanding. Adrian 
articulated an informed understanding in his own words and was able to give an example to 
support his understanding (See Figure 13).  
 
Figure 14. Participants’ continuum scores for the distinction between theories and laws aspect of NOS.  
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Omar articulated a naïve understanding of the distinction between theories and laws. 
Even though Omar seemingly articulated an understanding of theories and laws that are 
consistent with currently accepted views of theories and laws, he also articulated a hierarchical 
relationship between theories and laws, which is not consistent with currently accepted views of 
the relationship between theories and laws. For example, when asked what the difference 
between theories and laws is, Omar wrote,  
A scientific theory is a statement that explains why a certain observed event occurs and 
has been tested many times and found to be true each time. A scientific law is a statement 
that can be used to predict future events and can be expressed in the form of a 
mathematical equation. (VNOS Questionnaire)  
 
When asked to elaborate further on his understanding, Omar responded,  
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I think in terms of scientific theory, scientific theory is a statement that explains the 
relationship between two things like one causes another. Whereas a scientific law 
actually explains the relationship as one ... Scientific laws can usually be expressed in 
equation form, I believe. Like you have the law of gravity, versus say the theory of 
evolution. (VNOS Follow-Up Interview)  
Omar was then asked to explain what makes a law a law and what makes a theory a theory. 
Omar responded,   
Laws can be used to explain a relationship between masses. How they interact with each 
other, and there is very little deviation from the law of gravity. It applies in multiple 
situations. There might be some slight differences in how that interaction occurs when 
you go either too big in terms of size, or too little in terms of size. Or if you introduce 
other less common situations. Whereas with theories, they’ve been supported by many 
different scenarios, or many different examples of where they apply, theories can still be 
modified in the future and aren’t quite as concrete.  
A scientific theory is a statement that explains how different situations occur. 
They explain different phenomena that are observed and they have been tested and shown 
to support the theory. Over time, they can become modified or refined and can maybe be, 
eventually be used to develop a law. (VNOS Follow-Up Interview)  
 
Omar also believed that both scientific theories and laws can change in the future although he 
believed laws are less likely to change. Omar wrote,  
Scientific theories can change in the future as scientists gain a better understanding or 
encounter conditions to which they do not apply, causing theories to be modified. Laws 
are less likely to change, although they might also change as time goes on. As we learn 
more about the universe, there might be a need to modify a law as with theories. (VNOS 
Questionnaire) 
 
Charlotte also articulated a naïve understanding of the distinction between theories and 
laws. Her understanding of the nature of scientific theories is consistent with a more naïve 
understanding of scientific theories. Charlotte explained,  
A theory more so explains things that you have observed, over and over again. But I think 
a theory can somewhat fluctuate. With theories, they can be argued. They’re more so 
generalizations, but there may be exceptions to that, or counter-arguments to those 
theories. (VNOS Follow-Up Interview) 
 
Similarly, Charlotte’s understanding of laws is consistent with a more naïve understanding of 
scientific laws. She explained, “Laws are more so concrete, and they govern our ways of 
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thinking when we formulate theories and things of that nature” (VNOS Follow-Up Interview). 
When asked to provide examples of a scientific theory and a scientific law, Charlotte responded,  
The theory of evolution. There are individuals that may say, ‘There are parts of evolution 
that absolutely support religion, or aspects of it.’ There’s those that may argue, ‘No, when 
you think about this, this more so supports this.’ Here we go again, that’s why it’s more 
so a theory. That there’s so much wiggle room, but we do know things change in 
response to their environment. But, the process in which that happens, there’s different 
avenues to look at that. Whereas with gravity, there is gravity and there is gravity, and 
there are not very many people that’s going to argue against that, or even attempt to 
generate a counter-argument for that, because it’s just so concrete. It is what it is. You 
may not see it, but you know it’s there, because if you go anywhere else, you’ll know it’s 
missing. (VNOS Follow-Up Interview) 
 
Charlotte’s response to the question about theories changing also highlighted her naïve 
understanding about the nature of scientific theories in that a theory is easily changeable and that 
it is based on scientific laws. She stated,  
It can. I think it can. I think as we become more scientifically sound, that’s the whole idea 
behind theories, that they’re not supposed to be these concrete things that are unchanging. 
They are supposed to change, because our knowledge and understanding of these theories 
are now getting more in-depth. I do think that there’s wiggle room for theories. Are those 
theories still going to be based on scientific laws? Absolutely. But, I think as our 
understanding of the natural world and what’s going on around us, it does allow for there 
to be some changes. I think that’s the beauty in science, that it is changing. That’s why, 
as scientists, we try to kind of stay in the loop of what’s going on, because science is not 
this...like with math. (VNOS Follow-Up Interview) 
 
When asked if she believed the laws we have today are likely to change in the future, Charlotte 
responded,  
I think those are less likely to change. Unless there was some flawed thinking, or flawed 
evidence. I think that goes back to the experimentation part. Experimentation is what 
drives what things stick, and which things are proven consistent. I think laws are less 
likely to change than theories, because they have that evidence piece behind it. (VNOS 
Follow-Up Interview) 
 
Lucy also articulated a naïve understanding of the distinction between theories and laws. 
Lucy’s statements indicated that her views are consistent with a more naïve understanding of the 
nature of scientific theories and the testing component of theories. For example, Lucy stated, “So 
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a theory is an idea that a lot of different people believe and they think that they have evidence for 
but there are no tools they can test it at this time” (VNOS Follow-Up Interview). Lucy’s 
understanding of how to test scientific theories is also consistent with a naïve understanding. She 
stated,  
So scientific theory is not provable because it cannot be observed or repeated. Just like 
the theory of evolution, you can’t go back in time to where we can’t see the Earth being 
formed, or the universe being created. You can’t see things evolve, it’s just not possible. 
(VNOS Follow-Up Interview) 
 
When asked if she believes the theories we have today will change in the future, Lucy responded, 
“They could. As we become more sophisticated and we can find out things. As instruments 
become better able to measure, I think it could be possible” (VNOS Follow-Up Interview). 
However, she does not believe scientific laws will change in the future. Lucy stated,  
I don’t know. I don’t really see that happening. There might be things that we’re not 
perceiving exactly as they are. There are things happening that we’re not really 
perceiving, that we cannot sense that might be happening. But they talk about the string 
theory, there might be things that are occurring that we don’t realize are happening. That 
we might be able to actually measure it. There might be some other stuff happening in the 
background. We might be able to enhance or something. Things are so obvious and I 
don’t think they’ll change. I don’t think they will. (VNOS Follow-Up Interview)  
 
Caroline articulated a naïve understanding of the distinction between theories and laws. 
Specifically, her understanding of theories and laws is not consistent with currently accepted 
views of the nature of scientific theories and laws. For example, Caroline stated,  
Based on my perspective of scientific theory versus scientific law, I feel like theory is 
something that has been tested in our generation it’s been proven to be true, but 
ultimately, you know, it can be disproven. Versus my perception of scientific law, 
scientific law may not have ever, I don’t know, I don’t want to say may not have ever 
been proven, but it’s something that has been thought of since the beginning of time and 
it’s a part of what we commonly think of as a basic tenet of science and at this point may 
not be disproven but it’s been around for a longer period of time. (VNOS Follow-Up 
Interview) 
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When asked if the theories and laws we currently have will change in the future, Caroline 
responded,   
The evolutionary theory. Which again as we continue to have more knowledge we have 
more, we continue to expand our explanations of things and how things change. I am 
saying that I feel like theories can change and are changeable, but I think that the way 
that we define, because I feel like what the book says, this is just me remembering 
nothing, but I feel like what the book says, it talks about the difference between the two. 
One can be changed and one is set in stone. But, I don’t think that we can really say that 
at this point in life anymore. (VNOS Follow-Up Interview) 
 
When asked to explain what she meant about “one is set in stone,” Caroline responded,  
I feel like they say that scientific law is something that has been set in stone versus 
scientific theory is something that is true. It’s been proven to be true, but it’s adjustable 
and it’s changeable. I feel like that everything is changeable, just like, which one is not a 
planet? I’m not an Earth space science teacher anymore, so that’s not a planet anymore, 
versus forever and 327 years, it was. So I think that the way that these two words are 
defined, and I guess it’s part of the reason why it’s not something that I drill and kill in 
my classroom is because I think that they’re just words and I think that science is 
something that is ever changing, and it’s something that isn’t static. (VNOS Follow-Up 
Interview) 
 
Beverly articulated an informed understanding of the distinction between theories and 
laws. Beverly’s understanding of the difference between theories and laws is consistent with a 
more informed view of the distinction between theories and laws. In her follow-up interview, 
Beverly stated, 
Well, the textbook definition, a law basically, natural occurrence over and over again. 
You know, you throw an apple up, it falls down. The law of gravity. It happens all the 
time. But the theory is backed up with experimentation, collecting of data, it’s been 
tested, it’s been over and over. I mean I just went with the textbook definition right there 
and moved on. (VNOS Follow-Up Interview) 
 
Beverly was able to articulate examples of both a scientific theory and a scientific law. For 
theory, Beverly cited the atomic theory. Beverly stated,  
Atomic theory—scientists over the years experimentation, collected data one after the 
other came up with their theory of what an atom is and what it could do. It’s backed up 
with experimentation. Backed up with lots of investigation over years.  
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The law of conservation of matter cannot be created nor destroyed. For a law it 
has to be based on observation over several occurrences. Natural observed, everywhere, 
anywhere, so you know. Isn’t that what makes a law, a law? (VNOS Follow-Up 
Interview) 
 
When asked if the scientific theories we have today will change in the future, Beverly stated,  
 
A theory is based on repeated, repeated, repeated, repeated experimentation. It may 
change depending on further in-depth experimentation not yet conducted, or thought of. 
Think of Dalton’s atomic theory. It’s possible that we can’t answer all the questions now 
either because of certain limitations, but in the future it may change. You know then 
depending on what we’re able to do and what science is available to help us further 
investigate deeply, you know, what we’re doing. (VNOS Follow-Up Interview) 
 
Likewise, Beverly also believes scientific laws can change as well. She stated, “It could, I guess. 
It could change. I think everything is subject to change because we understand more every day. 
So our explanations, our data could change from time to time” (VNOS Follow-Up Interview). 
Adrian articulated an informed understanding of the distinction between theories and 
laws in his own words and was able to articulate examples to highlight his understanding. His 
understanding of both scientific theories and laws are consistent with currently accepted views of 
the nature of scientific theories and laws. For example, Adrian stated,  
For a scientific theory, I said it’s a universally known concept that is supported by 
experimental data, as more information is gained over time, a theory can evolve to 
change and fit the new information. A law though is a bit different because it helps to 
explain, similar to a theory, except it is supported by some sort of mathematical 
relationship. (VNOS Follow-Up Interview) 
 
As an example for scientific theory, Adrian drew on the atomic theory and the changes to the 
atomic model over the years.  
When I was thinking of theory, I was thinking of atomic theory. Atomic theory has 
changed over the years. It started with something very simple. In class I teach it as 
Democritus, having a simple sphere. In Latin atomos means indestructible. So, the atomic 
theory started off with a very simple sphere. We learn about how nine different scientists 
added to that model, and every single discovery they would make, they would have to 
evolve this model, and so it started being a sphere, then you got the plum pudding in JJ 
Thomson, the big one is Ernest Rutherford, gold foil, all of a sudden the electrons are 
now on the outside. So, a theory is just something that changes over time. It’s supported 
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by scientific discovery, so each one of these changes in the atomic model, there was 
always a key scientific experiment that would tie into it. In class we teach it as 
Rutherford had gold foil experiment. Millikan who discovered the charge electron had 
the oil drop experiment, so in each one of these, you have an experiment that ties into 
how it changes this theory. It’s ever evolving. (VNOS Follow-Up Interview) 
 
For an example for scientific law, Adrian drew on Newton’s laws of motion,   
For my example of law, I thought of Newton’s laws of motion, in that Newton’s laws, are 
all supported by the mathematic formula f = ma. It’s a theory in that this is something 
you see, it’s replicated over and over, except there’s also this mathematical principle that 
supports it. (VNOS Follow-Up Interview) 
 
When asked if the theories and laws we currently have can change in the future, Adrian stated 
that theories are able to change, but that laws are less likely to change due to their mathematical 
basis. Adrian explained,  
Theories can change, because you have more evidence to change this view or change this 
explanation. For a law to change, I think it’d be far more difficult, because with laws 
there are math principles that tie into them.  
And unfortunately, your new discovery’s going to have to either conform to this 
math principle, or completely demolish it, to make a completely new math principle. 
Let’s say something simple or famous like E = MC2. If you were to come up with some 
different relativity of space and time, you’re going to have to explain why the first 
formula somehow all of a sudden doesn’t work, based on all of these pre-constructed 
understandings and those sorts of things. Yeah, and so, again, theory is ever changing, a 
law is ever changing but that mathematical principle kind of keeps it concrete and less 
likely to change over time. Even with the introduction of new technology over time, laws 
won’t change, but theories can. (VNOS Follow-Up Interview) 
 
Lindsey articulated in her own words an informed understanding of the distinction 
between scientific theories and laws and was able to provide examples to support her 
understanding. Lindsey wrote, “A scientific theory is an accepted explanation on some aspect in 
nature based on a lot of observation and/or experiments. It cannot be tested directly and can 
change over time but is accepted by the scientific community” (VNOS Questionnaire). On the 
other hand, “A scientific law explains how things work and has a mathematical basis. It is 
something that for sure happens” (VNOS Questionnaire). When asked to provide examples, 
Lindsey used the theory of evolution and Newton’s laws of motion. According to Lindsey, the 
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theory of evolution is a theory because “it is based on evidence and is accepted by scientists” 
(VNOS Questionnaire). Lindsey stated that the laws of motion are laws “because they explain 
the relationship between phenomena using mathematics” (VNOS Questionnaire). Lindsey 
believes theories can change in the future and that laws can change as well. Lindsey stated, “Yes, 
theories will change as technological advances provide scientists with more or different 
evidence. There is a possibility that pieces of the law will become refined as technology 
advances” (VNOS Questionnaire).  
Renee articulated in her own words an informed understanding of the distinction between 
theories and laws and was able to provide an example to illustrate her understanding. When 
asked the difference between theories and laws, Renee wrote,  
A scientific theory is a well-substantiated, explanation to a scientific phenomenon of 
some aspect of the natural world, based on a body of facts that have been continually 
confirmed through observations and/or experimentation. Theories can adapt. A scientific 
law is a statement of fact based on repeated experimental observations that describes 
some aspects of the universe. The obvious relationship is causal between the statement 
and the observation. Laws are often described using mathematics. Laws do not adapt. 
(VNOS Questionnaire) 
 
Renee provided examples of a theory and a law to support her understanding. Renee drew on the 
theory of evolution and Newton’s laws of motion. Renee wrote,  
The theory of evolution is a theory because there is plenty of evidence suggesting that 
living things evolve over time. Evolution continues to be confirmed throughout history. 
Newton’s laws of motion are laws because they can be expressed mathematically and 
graphically. There is an apparent causal relationship between motion and force that can 
be described and holds true on Earth. (VNOS Questionnaire) 
 
Renee further clarified her understanding during her follow-up interview. She stated,   
 
Laws, Newton’s laws of motion have been in place since the 1600s. They work only on 
Earth. There’s a definite relationship between mass, force, and acceleration. We can see it 
and it can be expressed using math. For me, that’s how I think about laws. Your scientific 
laws can be expressed using the language of science, which is math. Whereas a theory 
may not necessarily be expressed using math. That’s what I teach the kids to know the 
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difference between the two because they get confused. Sometimes I do. (VNOS Follow-
Up Interview) 
 
Renee believes that theories we currently have today can change in the future with the addition 
of newly discovered information; however, she does not believe laws will change. Renee stated,  
Oh yes. I believe that. Most definitely. I don’t think they explain everything at all. I can 
see them changing. The more information we get, there might be some changes. There 
might be an anomaly or something that we have to put into play. You never know. 
(VNOS Follow-Up Interview) 
 
When asked why scientific laws will not change, she explained her understanding with an 
example from mathematics. Renee stated,  
All right, so one of my former students and I used to have this debate all the time because 
I am a Newtonian physicist, and he believes in the string theory. The string theory works 
really well in space. Time is very fluid, and it moves back and forth, and all that kind of 
stuff. On Earth it doesn’t work so well. A lot of what Newton said, if you were on 
another planet like Jupiter, it may not hold true. If I’m on the moon, I don’t know if I 
drop something, if it would necessarily go down, because it’s probably going to float 
because of the gravitational pull. When I say, basically, specific time and specific place, 
or condition, it has to be the right. It all has to come together at the right time and right 
place for it to be accurate, kind of like…I’m trying to think. Yeah. Everything has to 
come together nicely for the law to actually hold true. I’ll go back to the Pythagorean 
theorem, it doesn’t work with a non-equilateral triangle. It doesn’t work with a triangle 
that doesn’t have a right angle at all. It’s not going to work with a scalene, but it’s still a 
law because in math, theorems are really kind of laws. (VNOS Follow-Up Interview) 
 
Similarly, Charlie also articulated an informed understanding of the distinction between 
scientific theories and laws and was able to provide examples to support his 
understanding. Charlie wrote, “A scientific theory is an explanation to an observed 
phenomenon and a scientific law is a statement about a phenomenon, but it does not 
explain the concept” (VNOS Questionnaire). When asked to provide examples, Charlie 
drew on the big bang theory and Newton’s laws of motion. According to Charlie, “The 
big bang theory states that the universe started due a massive expansion or explosion. 
Newton’s laws on motion describe motion; however, they do not explain what motion is 
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and how it works” (VNOS Questionnaire). Charlie believes that “laws will not change; 
yet, theories will change as knowledge becomes readily available and obtainable” (VNOS 
Questionnaire).  
Distinction Between Observations and Inferences 
There is a distinction between observations and inferences in science and the 
development of scientific knowledge. Lederman (2007) stated, “Observations are descriptive 
statements about natural phenomena that are accessible to the senses” (p. 833). On the other 
hand, inferences are statements made about phenomena based upon those observations. If a 
participant indicated that scientific evidence is indirect and can relate to things we cannot see 
directly, he or she received a continuum score consistent with a more informed view with the 
distinction between observation and inference aspect of NOS. However, if a participant indicated 
that scientists need to see something to be sure of it, he or she received a continuum score 
consistent with a more naïve understanding of the distinction. All participants demonstrated an 
informed view of the distinction between observations and inferences in science. Six 
participants―Omar, Caroline, Beverly, Adrian, Lucy, and Suzanne―were able to provide 
examples to support their understanding of this aspect of NOS (See Figure 14).  
Lindsey articulated an informed understanding of the distinction between observations 
and inferences. Lindsey’s response to the question about how scientists know how dinosaurs 
looked and moved, Lindsey stated,  
I don’t know exactly how, but I know that there are people who know how it works. They 
can look at a hip bone and say that compares to such-and-such animal’s hip bone. That’s 
the same shape, so therefore we know how that hip bone, how that functions. Or, here’s 
some teeth. Oh, those teeth eat meat. They can compare it to the organisms that live 
today. (VNOS Follow-Up Interview) 
 
 
 166 
 
Figure 14. Participants’ continuum scores for the distinction between observations and inferences aspect of NOS. 
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
Furthermore, in response to the question “If scientists have never seen these things, what kind of 
information do they use to try to figure out these things exist or what they look like?,” Lindsey 
responded, “I think they use what they can observe on a smaller scale and then go from there, 
they’re able to hypothesize or infer what’s happening” (VNOS Follow-Up Interview). 
 
Renee articulated an informed understanding of the distinction between observations and 
inferences. When asked if the development of scientific knowledge requires experiments, Renee 
stated, “Sometimes we can get knowledge by purely observing what we see and making some 
inferences” (VNOS Follow-Up Interview). Furthermore, when asked how she thinks scientists 
know how dinosaurs looked and moved, Renee wrote, “Fossils provide invaluable evidence 
allowing scientists to know how dinosaurs looked and moved” (VNOS Questionnaire). She 
further expounded on this statement during the follow-up interview. Renee explained,  
We have fossil evidence. I don’t think fossils were made up. Looking at the structure of 
bones and comparing would give scientists insight on how dinosaurs and other animals 
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moved. Footprints and handprints would also provide additional information. (VNOS 
Follow-Up Interview) 
 
Charlotte articulated in her own words an informed understanding of the distinction 
between observations and inferences. Charlotte’s response to the question, “If they’re never seen 
these things, what kind of information do scientists use to figure out these things exist, or what 
they look like?,” highlighted her informed understanding of the distinction between observations 
and inferences. Charlotte stated,  
I think that goes back to what we were talking about earlier, about abstract concepts and 
using experiments, and using models to mix what we think these thing are going on. A lot 
of inferring goes into that as well. I think that’s where inquiry is so important, to be able 
to make those connections, beyond the obvious, because a lot of things are not obvious. 
Like you said when talking about dark matter and stuff like that, and still going back to 
the main example of gravity. We never saw it. But there are other things that we can 
infer, and there’s other things that we do see that react to that, through experimentation, 
we’re able to say...then we definitely know this is here. I think the modeling and the 
experimentation, I think that’s why that’s so important, to be able to explain those things 
that we can’t see, but we know that there’s something greater than the eye that is 
explaining these concepts. (VNOS Follow-Up Interview) 
 
Lucy articulated an informed understanding of the distinction between observations and 
inferences. When asked how she thinks scientists know how dinosaurs looked and moved, Lucy 
responded,  
Now we’ve gotten several complete dinosaurs. Before, you know, you’d take this part 
and that part and they got it all mixed up with the Brontosaurus. And then they found a 
couple of Brachiosaurus, so then they got some more complete pieces. And so they pretty 
much have complete pieces that they have found, complete pieces around that. And they 
know how they move just based on the dynamics of that. They can make inferences as to 
how they moved by comparing what they found to animals we have today. As far as 
color, they’re only speculating. No one really knows what color they are. It’s all 
speculations because we don’t have any soft tissue. We have no real true idea. But we can 
guess about their hips, we can see the structure of the hips. The positions we found them 
in, you can tell if they were groups and we can see their eggs. I think we have movement 
down. There are lots of examples in science where we know things but we can’t actually 
see them. (VNOS Follow-Up Interview) 
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 Suzanne articulated an informed understanding of the difference between observations 
and inferences and provided an example to support her understanding. After Suzanne was asked 
the question about experiments, she followed up with an example to support her understanding 
of experiments. Specifically, Suzanne mentioned the flame test in chemistry. Suzanne stated,  
I would say for example, in order to find out the metals in a compound. If you want to 
find all the elements and which elements in a compound, you can use the flame test. If 
the result flame turns a certain color, then you can use that to infer the different metals 
are present. (Follow-Up Interview) 
  
Charlie articulated in his own words an informed understanding of the distinction 
between observations and inferences. When Charlie was asked to elaborate on his written 
statement about the scientific method, Charlie responded,  
Yes, I have simplified scientific method now to four things, we observe, generalize, 
theorize, and test. So I try to attach real-world situations to say anything in science so 
that’s why I said that science is anything a scientific method can be applied to cause they 
will be observing, and as we observe, we generalize and make inferences, and we have to 
come up with a thought process to get a solution. So based on other theories, the things 
we’ve done in the past we test those and then we come back with still observing so 
there’s always some type of problem we’re solving on a daily basis. They don’t have to 
follow these steps linearly but these are the basic processes that scientists use. (VNOS 
Follow-Up Interview) 
 
Omar’s response and example represents an informed view of the distinction between 
observation and inferences in science. In response to the question about the existence of dark 
matter, the center of Earth, and the nucleus of an atom without visibility, Omar stated,  
Science is not necessarily dependent just on visualization of what you’re looking for. 
Sometimes you can see its effect on other things. For instance, the pull of gravity from 
one planet to another; if you account for all the things that you know, and you still see 
that there’s something different, then you can infer that something else is pulling on it. 
They call it dark matter, I guess, because they don’t know exactly what it is. But there is 
an effect that is unaccounted for after you factored in the mass of the sun, proximity to 
the sun, mass of the moons and their proximity, and mass of other planets and their 
proximity, and you still notice that some slight variation that you can’t quite account for, 
that suggests that there’s got to be something else. That would be how they infer the 
existence of dark matter.  
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With the atom, when you go deeper and deeper into a substance or matter, you 
find that you can’t really go smaller by normal means, but you still notice that there are 
things that have an impact on the structure of atoms or the behavior of other materials. 
When you think about radioactive emissions, when you think, ‘Where’s this stuff coming 
from?’ When you look at radio isotopes and see the behavior when they emit something 
and cause a change in something else. Or when you have radioactive decay then you can 
infer what is in the middle of the atom, based on the interactions with other materials. 
(VNOS Follow-Up Interview) 
 
Omar’s response to the question, “Does the development of scientific knowledge require 
experiments,” further demonstrated his informed understanding. He stated,  
Okay, so in science you don’t necessarily need to perform experiments or physical 
experiments in order to develop new, in order to develop scientific knowledge, or to gain 
scientific knowledge. There are some things called, what’s the word, experiments in 
thought. Like I guess concepts, or philosophical experiments so to speak. Where you 
analyze a scenario without actually performing any experiments with actual objects. And 
there are also some knowledge that we know in science based not on experiments, but 
they were later on confirmed by experiments. 
Like the idea of an atom. The idea of an atom came before microscopes were even 
invented. Well, even a microscope can’t really view the atom, you have the scanning 
electron microscope or the, what’s the other one, I can’t think of the word right now, but 
basically even the scanning electron microscopes you can’t really see with your eye what 
an atom is, but we know that atoms exist now because we can detect them. Whereas, the 
idea of an atom has been around way before even the microscope was invented. (VNOS 
Follow-Up Interview) 
 
Caroline also referenced the atom example in her explanation. In a follow-up response to 
a discussion about theories and laws, Caroline stated,  
But again, here’s something. We have protons, electrons, and neutrons. But, wait, we can 
break them down, too. I think that science is just an ever changing thing. Those two 
words don’t really harbor much meaning to me because one of the scientific practices 
they talk about is, like one of the habits of mind is that students understand that science 
does change and when you look at what the perception of an atom was many, many years 
ago and what we believe an atom is now, and a lot of that not necessarily being based on 
what we actually have witnessed but the phenomenon that occur around these things and 
the perceptions we have to figure out. (VNOS Follow-Up Interview) 
 
When Caroline was asked what information scientists use to figure out whether things exist or 
what they look like, Caroline stated,  
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Based on my rudimentary knowledge, when we talk about the atom and how they first 
figured out that there was some positive charge there is because they shot something that 
they knew had a positive charge, alpha particles, at it, and at some form of matter. Well it 
was gold. And it deflected as if, you know, understanding that positive and positive 
actually will deflect. And so they’re like, ‘Oh wait, it must be something positive in this.’ 
Now again, not seeing these things, they just were able to observe the matter shifting 
past, versus having a very direct route. 
Then having a level of understanding of just general nature of stuff, of elements, 
matter, they figured out, ‘Okay, well there’s some positiveness in here.’ Then 
understanding the nature of life, oh, if there’s something positive then there has to be 
something to balance it out that’s negative, so here we have the evolution of the electron 
come about. Then it’s like wait a minute, so if it’s positiveness then why is it so heavy? 
So, there must be something else in there. Now we have neutrons. Then, why do we have 
neutrons? And then why will you get, you know, the higher you get on the periodic table 
why are you having more and more and more and more neutrons to proton ratio? Oh 
because now the nucleus is unstable. And so I feel like everything is based on the stuff 
that we’ve seen in the natural world, or we’ve seen in the macro world, and then they 
took that and brought that down to this very nano perspective and used those behaviors to 
describe what the behaviors they were seeing in the nano, even though they couldn’t see 
it. (VNOS Follow-Up Interview) 
 
Similarly, Adrian articulated an informed understanding and provided an example to 
support his understanding. When asked how scientists know about things they have never seen, 
Adrian wrote,  
Experiments are usually conducted to support these views or phenomena. I believe that 
these theories or laws are widely accepted based on the consistency of their scientific data 
and experimentation. For example, the model of atom was changed to reflect that 
electrons move in random motion around the nucleus of an atom based on Ernest 
Rutherford’s gold foil experiment. To the naked eye, once cannot see electrons or map 
their movement, but in his experiment, the alpha particles were picked up on a shield 
around the reflection plate and lead the scientific community to support this new model 
of the atom and the new explanation of electron movement. (VNOS Questionnaire) 
 
Adrian elaborated on his view during the follow-up interview. He stated,  
 
My perspective of this is that experiments are what lead someone to support a view or 
phenomenon. I believe that theories or laws are widely accepted based on the consistency 
of their scientific data or experimentation, and I went back to the idea of the atom. The 
atom’s model was changed only because Ernest Rutherford’s gold foil experiment helped 
support this idea, this concept, phenomenon of an atom. Again, with the naked eye you 
cannot see electrons or map their movement, but using his experiment, he was able to 
support his view and propose a change to the atomic model due to his observations. 
(VNOS Follow-Up Interview) 
 171 
 
 
Beverly, when asked how scientists know about things they have never seen, stated,  
Well, because they’re scientists....Scientists do follow certain guidelines. They’re not just 
going to wake up one morning and just say something. You know, they know what 
they’re talking about. They’re guided by a certain method, a certain way of analyzing and 
collecting data. Just so having to be sure that it is reliable. For example, we talked about 
the nucleus; they just didn’t figure out that a nucleus was positive, just like that. They 
saw certain behaviors of the particle of the atom. They were able to look at the data from 
the experiment and say, ‘Wait a minute. I think there’s something in here that is acting in 
a positive way. It’s deflecting this much, it is deflecting at this angle. Why is it doing 
that?’ Even though they don’t see it, they’re looking at how it behaves. And they’re 
taking that information and comparing it with something they know for sure. If it’s 
behaving in a positive way that means there’s something positive in the nucleus. And 
then they do more experiments to determine there’s something positive in the nucleus 
then where does that take us?  They’re adding bits and pieces even though they don’t see 
it, they’re seeing how it behaves. They’re seeing what it does and they’re using that as 
part of their data to draw certain conclusions. (VNOS Follow-Up Interview) 
 
Scientific Method 
There is no single, linear scientific method that all scientists follow in order to develop 
scientific knowledge (Lederman et al., 2002). As such, if a participant indicated there is no linear 
scientific method that all scientists follow, they received a continuum score consistent with a 
more informed view of the myth of the scientific method. However, if a participant indicated that 
there is a scientific method all scientists follow in the pursuit of scientific knowledge, that 
participant received a continuum score consistent with a more naïve view of the myth of the 
scientific method.  
Two participants, Suzanne and Lindsey, articulated a naïve understanding of the myth of 
the scientific method. Five participants―Renee, Beverly, Charlotte, Adrian, and Charlie―all 
articulated in their own words an informed understanding of the myth of the scientific method. 
Omar, Lucy, and Caroline were able to articulate an informed understanding and provide 
examples to support their thoughts (See Figure 15). 
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When asked, “What is an experiment?” Suzanne wrote, “An experiment is a scientific 
procedure based on observation to determine something” (VNOS Questionnaire). During the 
follow-up interview, Suzanne was asked to clarify what she meant by “scientific procedure.” 
Suzanne responded, “It means the act of following the specific steps, you have the observation, 
the data, trying to make an analysis, then synthesis, the combining everything together, then 
you’re coming to a conclusion” (VNOS Follow-Up Interview). For Suzanne, “Scientists all have  
 
Figure 15. Participants’ continuum scores for the scientific method aspect of NOS.  
Note. Continuum scores are not absolute (0 = naïve understanding, 1 = mixed understanding, 2= informed 
understanding, 3= informed understanding and articulated in participants’ own words, and 4= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
 
to follow certain procedures. They don’t need a way to come to conclusions. If that was that 
case, well, you don’t have any procedure, that everybody in this world would be a scientist” 
(VNOS Follow-Up Interview). Furthermore, Suzanne suggested that if scientists did not follow 
specific steps, then anyone could be a scientist. Suzanne stated,  
There’s a difference between a scientist and a common man. In order to follow 
something, even as a housewife, I would say, if I do not do certain cooking in my home, 
like my home, I am going to do for certain procedures to cook. If I have to follow a 
certain procedure, I can cook. Otherwise, even the infants, or I said the young ones who 
don’t know, they can also cook. There is a difference between a scientist and the public. 
(VNOS Follow-Up Interview) 
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Lindsey articulated a naïve understanding of the myth of the scientific method. When 
Lindsey was asked to provide clarification on the phrase “scientific procedures,” as used in her 
questionnaire, she responded,  
I think you do have a scientific method where you come up with a hypothesis and you 
decide whether it can be proven or whether it is null. There’s different procedures that 
you go through, a process that you go through. (VNOS Follow-Up Interview) 
 
Lindsey was further asked if all scientists follow the scientific method. Lindsey responded that 
they have to “because if you leave something out…which part would you leave out? You come 
up with an idea, you actually observe it, and then you gather the data. What part would you leave 
out?” (VNOS Follow-Up Interview) 
Renee and Beverly articulated in their own words an informed understanding of the myth 
of the scientific method. For example, Renee wrote in the questionnaire that, “An experiment is a 
standardized scientific procedure used in the obtainment of scientific knowledge” (VNOS 
Questionnaire). When asked to clarify her written response, Renee stated,  
When we see the scientific method, often, as it’s taught in elementary school, is a 
scientist who comes up with a hypothesis before they do whatever research that they 
have. All the posters I’ve ever seen. That’s not what happens. I’m probably more likely to 
be doing some type of research, or I’m outside, I’m doing some type of reading and I 
think of a question, and that question is going to spark me to do some further research. 
Once I do that I develop a hypothesis that I can test as opposed to the way that the kids 
see it, where everything has to be linear and they think that you can’t, that the steps are 
not fluid, but they are. What I want my kids to understand is that science is not 
necessarily, ‘Okay, the first thing I’m going to do is I’m going to ask a question, then I’m 
not going to do any research about this question, but I’m going to have a hypothesis with 
no research.’ I don’t want them to see that. I want them to know that it’s a little bit deeper 
than that. That’s what I say. (VNOS Follow-Up Interview) 
 
Beverly also articulated an informed understanding of the myth of the scientific method. In 
response to the question, “What is an experiment?,” she wrote, “[experiments are] investigations 
in controlled, predetermined environments in order to collect some data” (VNOS Questionnaire). 
When asked to clarify her response, Beverly mentioned,  
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I think it’s more of a guide. Of course, we have to make some observations or ask some 
questions. When things happen, discoveries these days are made from things. Scientists 
stumble upon stuff, ‘Oh this is cool. This isn’t what I wanted to do but this is the 
outcome. But why is it so, how’d it happen?’ You want to ask those questions.  
We can also do science by asking how X reacts or what is the relationship 
between X and Y under these certain conditions? At the high school level, we would say 
the scientific method is more a guide to ensure that we’re not just doing anything. I 
believe that in some bigger universities, top, top, scientists may have a process, a 
sequence or order that works for them. But I think generally, it’s a way of investigating 
science. It has to be in the definite order. Even I don’t tell students that but it’s more of a 
guide to ensure that scientists, the global community, scientific community can trust and 
rely on the data that’s been collected and declared as the outcome or the conclusions that 
are drawn from those investigations. (VNOS Follow-Up Interview) 
 
Charlotte articulated an informed understanding in her own words of the myth of the 
scientific method when she was asked what an experiment was. Charlotte responded,  
I think it’s a model, a testable model to answer a problem, or provide evidence or answers 
to a problem. So when you talk about experiments, I think the whole purpose of them is 
to model something else, or to give a simulation of something. Again, making things 
more tangible for students. So when I think about experiments, more so on the school 
level, it’s so that students can see, “What is the connection between what we’re talking 
about in the content, and how does it apply to real life? What is the relationship between 
the two?” On the professional side, it’s more so to make sure there’s advancements in 
society. Again, that whole, “burden of proof,” thing, to gather data to say, “This is why 
this is important, this is why this needs to be done.” (Charlotte VNOS Follow-Up 
Interview) 
 
When asked further is there were specific elements or specific components that all experiments 
have, Charlotte responded,  
Absolutely. Of course, having testable variables, what it is you want to test. Knowing 
which things need to be your controls, and your constants, so that there’s no other 
variables introduced, other than what you want to test. Those are the things all 
experiments have. Now, in terms of actually carrying out the experiment, there are 
different ways of doing it depending on who that person and how that person thinks. 
There is no one way science is done by all scientists. (VNOS Follow-Up Interview) 
 
Adrian also articulated in his own words an informed understanding of the myth of the 
scientific method. When asked how science and art are similar and different, Adrian wrote, “The 
main difference between the two is the process of scientific inquiry. Having a system to test and 
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find support for scientific beliefs and discoveries” (VNOS Questionnaire). When asked to 
elaborate further on scientific inquiry, he responded,  
Scientific inquiry as in the scientific method. Being able to ask the questions, have a 
series of possible results, designing experiments to test upon, and to see if they support 
your predetermined notions, then move down the course so that you have evidence that 
supports your hypothesis, or your belief or whatever the case is. Art lacks that. However, 
both have abstract ideas. (VNOS Follow-Up Interview) 
To clarify his understanding of the scientific method further, Adrian was asked, “Is this 
something you teach?” He responded,  
I don’t like to stick to the concrete cookie-cutter, there has to be seven, but you do move 
down those seven and then you have to repeat some of those seven steps every once in a 
while. So I don’t teach it like cookie-cutter or make them sit down and write every part, 
but I do look at is as what’s your problem? What are your solutions? Pick a method. Test 
it. Probably won’t work, come back to it. So you address it as a way so that students can, 
address fixing something simple. It can be something as simple as ‘My computer’s not 
working.’ That’s your problem, so every possible solution that you come up with are 
hypotheses, you’re using information you already have gained to say, ‘Well, I think that 
the battery is the problem, so I’m going to test the battery,’ and do different things. I try 
to spin it so they can see how, even in their everyday thinking, it a process that’s broken 
up. You have a problem, you try to address it with information you already have 
gathered. Once you have information you choose the path. That’s your experiment. You 
go down that path and whether it works or doesn’t work supports or doesn’t support, you 
come back to the drawing board. (VNOS Follow-Up Interview) 
 
When asked if there are specific elements or specific components that all experiments have, 
Adrian responded,  
Absolutely. Of course, having testable variables, what it is you want to test. Knowing 
which things need to be your controls, and your constants, so that there’s no other 
variables introduced, other than what you want to test. Those are the things all 
experiments have. Now, in terms of actually carrying out the experiment, there are 
different ways of doing it depending on who that person and how that person thinks. 
There is no one way science is done by all scientists. (VNOS Follow-Up Interview) 
 
Charlie articulated an informed understanding of the myth of the scientific method and 
articulated this understanding in his own words. When asked to elaborate on the scientific 
method as written in his VNOS questionnaire, Charlie responded,  
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Yes, I have simplified the scientific method now to four things, we observe, generalize, 
theorize, and test. I try to attach real-world situations to anything in science so that’s why 
I said that science is anything a scientific method can be applied to because they will be 
observing, and as we observe, we generalize, make inferences, and we have to come up 
with a thought process to get a solution. Based on other theories, the things we’ve done in 
the past, we test those and then we come back still observing so there’s always some type 
of problem we’re solving on a daily basis. They don’t have to follow these steps linearly 
but these are the basic processes that scientists use. (VNOS Follow-Up Interview) 
 
Omar, Lucy, and Caroline articulated an informed understanding of the myth of the 
scientific method and were able to provide examples of their understanding. For example, when 
Omar was asked he if believes in a set procedure to get an answer to a problem, he responded,  
Yes and no. There is, I mean in the past we’ve been taught the scientific method, but the 
truth of the matter is that it’s not necessarily a process you need to follow from A to Z in 
a sequential order. Sometimes, we make new discoveries by chance. Sometimes, it’s 
rather than actually coming up with a discovery you have to backtrack, and to see what 
happened that actually caused the effect that you saw. Whereas you might be 
investigating for one thing and you discover something else. Kind of like the discovery of 
penicillin, where it just kind of happens by chance. You have to backtrack and say, 
‘Okay, why is this happening? Oh, okay, so it’s the toxin from the fungus that’s killing 
the bacteria.’ And then, ‘Oh, okay, that’s the reason why bacteria is not growing here.’ 
Sometimes you don’t necessarily start at the same starting point in order to achieve the 
results you’re looking for. (Follow-Up Interview) 
 
Lucy articulated an informed understanding and was able to provide an example to support her 
understanding. When asked what an experiment was, she responded,  
Experiments are steps that you take to find out, to test your hypothesis. Before you design 
an experiment you have to have an idea. You have to first have a hypothesis, an educated 
guess as to what might be happening. If you don’t have an idea you can’t really design an 
intelligent experiment. You have to have some idea of where you’re going. You might 
not exactly know everything, where it’s going but you have to have some idea. And so 
you have to eliminate some of the possibilities and that’s how you design the experiment 
to kind of eliminate. And then you discover what could be, get some answers through 
that. And sometimes you are absolutely totally wrong and that helps to give you an idea 
of where to go in the next step. (Lucy VNOS Follow-Up Interview) 
 
When asked to elaborate further on her understanding of “steps,” she responded, “Procedures 
you follow to determine truth. A step-by-step procedure to eliminate bias” (VNOS Follow-Up 
Interview). When probed for a step-by-step procedure that all scientists follow, Lucy responded,  
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I don’t think so. Alexander Fleming lived his life a mess. He was known to just be a 
messy person. And he left his desk a mess and he came back and said, ‘Wow, that’s 
weird.’ And he accidentally fell into it. But, you get Mendel who was meticulous. He was 
a mathematician. He meticulously wrote down everything, found out this parent did this. 
He went through step-by-step and saw how if you cross this with this you get this. It was 
so precise that the people thought he lied because there’s just no way you could know the 
ratios that he got. They went back to his books and saw how he did it. His plans were still 
there. I think it really depends on the person and how they work. It’s really good if you 
can write...you have to be able to write things down. Eventually he had to go back and 
work things out. He worked backwards. Some people go forward but he was a backwards 
worker. He saw the results, then he had to go back and how did you get that? I think it’s 
because of the person’s personality. It just depends on the people, the individual really. 
(VNOS Follow-Up Interview) 
 
Caroline articulated in her own words an informed understanding of the myth of the 
scientific method and was able to provide an example to support her understanding. When asked 
to define what an experiment is, Caroline responded,  
An experiment is any kind of test or evaluative process used to provide further 
explanation for something. In terms of experiments and different scientific processes, I 
always talk to my kids about how I made meatloaf for the first time and it was super 
delicious and then I made it for the second time and it was super nasty. Then I had to go 
through this whole process of how do I make it good again? What kinds of things do I 
need to adjust? What kinds of things do I need to change? These things are experiments 
because I’m trying to figure out some other information. This is how I typically teach 
different scientific processes because I want students to see that science is rarely a linear 
process. I want them to see that I went through several iterations of meatloaf before I was 
successful again. (VNOS Follow-Up Interview) 
 
Summary 
The analysis of Research Question 2 explored the participants’ understandings of the 
eight aspects of the NOS. Table 12 contains a summary of the NOS scores received by each 
participant and the group’s averages scores for the eight aspects of NOS. Although the 
continuum scores are not absolute, as a group, the participants scored the highest on the 
observations and inferences aspect of NOS (M = 3.4). As a group, the participants scored the 
lowest on the social and cultural embeddedness aspect of NOS (M = 1.3). For six of the eight 
aspects of NOS (tentative, empirical, creative/imaginative, theories and laws, observations and 
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inferences, and scientific method), the group held at least an informed understanding. For the 
other two aspects (social and cultural embeddedness and subjective), the group held a mixed 
understanding. Additionally, as shown in Figure 17, this group of secondary science teachers 
held a variety of understandings of the various aspects of NOS. 
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Table 12 
 
Participants’ Continuum Scores for Each Aspect of NOS 
 
 Aspects of NOS 
Participant Tentative Subjective Empirical Imaginative 
Social & 
cultural 
Theories & 
laws 
Observations/ 
inferences 
Scientific 
method 
Adrian 2 1 3 3 1 4 4 3 
Beverly  3 0 3 0 0 3 4 2 
Caroline  4 3 4 4 1 0 4 4 
Charlie  4 4 3 3 4 4 3 3 
Charlotte  2 3 3 3 1 0 3 3 
Lindsey 2 1 0 3 1 4 2 0 
Lucy 2 0 3 4 0 0 4 4 
Renee 4 1 4 1 0 4 3 3 
Suzanne 2 3 2 4 4 3 4 0 
Omar  2 0 2 3 1 0 4 4 
Average NOS score 2.7 1.6 2.7 2.8 1.3 2.2 3.4 2.6 
Note. Continuum scores are not absolute. 0 = a naïve understanding, 1= a mixed understanding, 2 = an informed understanding, 3 = an informed understanding 
and articulated in participants’ own words, and 4 = an informed understanding, the participant articulated this understanding in their own words, and the 
participant provided examples to support their understanding. 
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Research Question 3: Relationships Between CRP Views and NOS Views 
Is there a relationship between teachers’ understandings of CRP and NOS?  
To answer the third research question, the researcher examined the data in two ways. 
First, the researcher examined the data for the preliminary relationships between CRP and NOS 
established in Chapter 2. Next, the researcher looked for different trends among the data. The 
analysis of the data indicated some relationships between the understandings of NOS and CRP.  
Tentative NOS and CRP Relationships 
All of the participants articulated an informed understanding of the tentative NOS (See 
Table 13). Teachers who recognize the tentative NOS may also recognize that knowledge is not a 
static component of CRP. Additionally, they may also recognize that knowledge is constantly 
being recreated, recycled, and shared in the classroom. Teachers who recognize the tentative 
NOS may also recognize their pedagogy as unpredictable and able to change based on the nature 
of interactions in the classroom. Although none of the participants indicated that knowledge was  
Table 13 
Relationship Between Participants’ Responses to the Tentative NOS and Aspects of CRP 
 
  CRP 
Participant 
Tentative 
NOS Social relations Knowledge Self/Others 
Renee +++ +++ +++ ++ 
Adrian + (+) +++ (+) 
Lindsey + ++ (+) ++ 
Omar + ++ +++ ++ 
Suzanne + (+) (+) - 
Lucy + - ++ ++ 
Beverly ++ +++ +++ ++ 
Charlotte + +++ +++ +++ 
Caroline +++ +++ +++ +++ 
Charlie +++ +++ + +++ 
Note. Continuum scores are not absolute (- = naïve understanding, (+) = mixed understanding, += informed 
understanding, ++= informed understanding and articulated in participants’ own words, and +++= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
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recreated, recycled, and shared in the classroom, 70% of the participants had informed 
understandings of both the tentative aspect of NOS and the social relations aspect of CRP. 
Additionally, 80% of the participants in this study had informed understandings of the tentative 
NOS and the self and others and knowledge aspect of CRP.  
Subjective NOS and CRP Relationships 
Four of the 10 (40%) participants articulated an informed understanding of the subjective 
NOS (See Table 14). Teachers who understand the subjective NOS may also help students view 
knowledge critically and may understand the importance of recreating, recycling, and sharing 
knowledge in the science classroom. Additionally, teachers who understand the subjective NOS 
may also understand the importance of a collaborative learning environment in the science 
classroom. The comments from participants did not indicate a connection between their views 
about the subjective NOS and the sharing, creating, and recycling of knowledge in the science 
classroom or the critical view of knowledge aspect of CRP. On the other hand, 30% of the  
Table 14 
Relationship Between Participants’ Responses to the Subjective NOS and Aspects of CRP 
 
  CRP 
Participant 
Subjective 
NOS Social relations Knowledge Self/Others 
Renee (+) +++ +++ ++ 
Adrian (+) (+) +++ (+) 
Lindsey (+) ++ (+) ++ 
Omar - ++ +++ ++ 
Suzanne ++ (+) (+) - 
Lucy - - ++ ++ 
Beverly - +++ +++ ++ 
Charlotte ++ +++ +++ +++ 
Caroline ++ +++ +++ +++ 
Charlie +++ +++ + +++ 
Note. Continuum scores are not absolute (- = naïve understanding, (+) = mixed understanding, += informed 
understanding, ++= informed understanding and articulated in participants’ own words, and +++= informed 
understanding, articulated in own words, and provides examples to support their understanding).  
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participants (Charlotte, Caroline, and Charlie) had informed understandings of both the 
subjective aspect of NOS and all three aspects of CRP.  
One participant, Lucy, articulated a naïve understanding of the subjective NOS as well as 
an assimilationist understanding of social relations in the classroom. That is, Lucy understands 
science to be free from bias, opinions, and feelings, and she believes in a classroom environment 
in which social interaction is kept to a minimum and students work individually. However, Lucy 
believes in a classroom environment in which the teacher-student relationship is fixed and 
limited to formal classroom roles. It is worth noting that Lucy was the oldest participant in this 
study, had the most teaching experience among participants in this study, and credited her 
classroom social environment to her “old-fashioned” method of operating a classroom (CRP 
Interview).  
Inferences/Observations and CRP Relationships 
All of the participants articulated an informed understanding of the difference between 
observation and inferences in science (See Table 15). Teachers who understand the difference 
between observations and inferences in science may also understand that knowledge is not static, 
and is shared, recycled, and constructed in the science classroom. Furthermore, because scientific 
knowledge is constructed, teachers who understand the inferential NOS may also understand the 
need to view knowledge critically. Even though all participants articulated an informed 
understanding of the inferential NOS, the data did not identify any particular relationships 
between the inferential NOS and the sharing, creating, and recycling of knowledge in the science 
classroom or the critical view of knowledge aspect of CRP. However, 70% of the participants 
had informed views of the social relations aspect of CRP and 80% of the participants had 
informed views of the self and others aspect as well as the knowledge aspect of CRP.  
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Table 15 
Relationship Between Participants’ Responses to the Inferences and Observations Aspect of NOS 
and Aspects of CRP 
 
  CRP 
Participant 
Inf/Obv 
NOS Social relations Knowledge Self/Others 
Renee + +++ +++ ++ 
Adrian +++ (+) +++ (+) 
Lindsey + ++ (+) ++ 
Omar +++ ++ +++ ++ 
Suzanne +++ (+) (+) - 
Lucy +++ - ++ ++ 
Beverly +++ +++ +++ ++ 
Charlotte ++ +++ +++ +++ 
Caroline +++ +++ +++ +++ 
Charlie ++ +++ + +++ 
Note. Continuum scores are not absolute (- = naïve understanding, (+) = mixed understanding, += informed 
understanding, ++= informed understanding and articulated in participants’ own words, and +++= informed 
understanding, articulated in own words, and provides examples to support their understanding). 
 
Social/Cultural NOS and CRP Relationships 
Two of the participants (Suzanne and Charlie) articulated an informed understanding of 
the social and cultural embeddedness of science (See Table 16). Teachers who understand the 
social and cultural embeddedness of science may also understand the necessity of collaboration 
and a community of learners in the scaffolding process in the science classroom. Additionally, 
because science and the development of scientific knowledge is a social and cultural process, a 
teacher may also understand the critical view of knowledge component of CRP.  
The data did not identify any particular relationships between the social and cultural NOS 
and the necessity of collaboration and the development of a community of learners in the science 
classroom. In addition, the data did not identify any particular relationship between the social 
and cultural NOS and the critical view of knowledge aspect of CRP. However, one participant, 
Adrian, articulated a mixed view of the social and cultural aspect of NOS and a mixed  
 184 
 
Table 16 
 
Relationship Between Participants’ Responses to the Social and Cultural Embeddedness Aspect 
of NOS and Aspects of CRP 
 
  CRP 
Participant 
Soc/Cult 
NOS Social relations Knowledge Self/Others 
Renee - +++ +++ ++ 
Adrian (+) (+) +++ (+) 
Lindsey (+) ++ (+) ++ 
Omar (+) ++ +++ ++ 
Suzanne +++ (+) (+) - 
Lucy - - ++ ++ 
Beverly - +++ +++ ++ 
Charlotte (+) +++ +++ +++ 
Caroline (+) +++ +++ +++ 
Charlie +++ +++ + +++ 
Note. Continuum scores are not absolute (- = naïve understanding, (+) = mixed understanding, += informed 
understanding, ++= informed understanding and articulated in participants’ own words, and +++= informed 
understanding, articulated in own words, and provides examples to support their understanding). 
 
understanding of the social relations aspect of CRP. That is, Adrian believes that social and 
cultural factors influence science but that they should not. Adrian also believes in a community 
of learners but also encourages students to work individually during class. Adrian acknowledges 
this has much to do with time and standardized testing, “I feel that a lot of time is spent trying to 
figure out their individual strengths and weaknesses to address, unfortunately, testing” (CRP 
Interview). Perhaps Adrian’s views of social relations in the classroom may change if he were 
not burdened with the pressures of standardized testing.  
Creative and Imaginative and CRP Relationships 
Eight of the 10 (80%) participants in this study articulated an informed view of the 
creative and imaginative NOS (See Table 17). Teachers who understand the creative and 
imaginative NOS may also understand the teaching as an art component of CRP. These teachers 
may recognize the importance of differentiated instruction and differentiated assessments in the  
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Table 17 
 
Relationship Between Participants’ Responses to the Creative and Imaginative Aspect of NOS 
and Aspects of CRP 
 
  CRP 
Participant 
Creative 
NOS Social relations Knowledge Self/Others 
Renee (+) +++ +++ ++ 
Adrian ++ (+) +++ (+) 
Lindsey ++ ++ (+) ++ 
Omar ++ ++ +++ ++ 
Suzanne +++ (+) (+) - 
Lucy +++ - ++ ++ 
Beverly - +++ +++ ++ 
Charlotte ++ +++ +++ +++ 
Caroline +++ +++ +++ +++ 
Charlie ++ +++ + +++ 
Note. Continuum scores are not absolute (- = naïve understanding, (+) = mixed understanding, += informed 
understanding, ++= informed understanding and articulated in participants’ own words, and +++= informed 
understanding, articulated in own words, and provides examples to support their understanding). 
 
science classroom as a means of pulling knowledge out (Ladson-Billings, 1994/2009) of students 
as they recognize the multiple diversities within a classroom.  
Eight participants recognized the role of creativity and imagination in science and the 
development of scientific knowledge. Although only five participants in this study recognized 
teaching as an art, they had informed understandings of the creative and imaginative NOS and 
the social relations aspect of CRP. Also, 60% of the participants in this study had informed 
understandings of the creative and imaginative NOS and the self and others and knowledge 
aspect of CRP. For example, both Renee and Charlie reported that they use images of scientists 
that mimic their students’ population in their instruction. Caroline and Charlotte spoke about 
using cultural references in instruction, which helps their students relate and connect to the 
content material. Omar, Beverly, Charlotte, and Adrian spoke specifically about how they 
provide real-world references in order to help their students see their connection to the content 
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material in the classroom. Beverly views her role as a science educator as an interpreter of 
everyday events that she brings up in her chemistry and physics courses.  
Summary 
The analysis of Research Question 3 explored the relationships between participants’ 
understandings of culturally relevant pedagogy and Nature of Science. Tables 18 and 19 contain 
a summary of the continuum scores for each participant for each aspect of NOS and subtheme of 
CRP. Although the data did not highlight the relationships established in Chapter 2 (See Figures 
1, 2, and 3), the data did highlight other types of relationships between various aspects of NOS 
and CRP (See Table 20). Table 20 contains the percentages of participants who held an informed 
understanding of the listed aspect of NOS and CRP. For example, as indicated in table 20, 70% 
of the participants in this study held an informed understanding of the both tentative NOS and 
the social relations aspect of CRP.  
Table 18 
 
Participants’ Continuum Scores for Aspects of NOS  
 
 Aspects of NOS 
Participant Tentative Subjective 
Obs/ 
inferences Empirical 
Theories/ 
laws 
Scientific 
method 
Social and 
cultural 
Imag.and 
creative 
Renee +++ (+) + +++ +++ ++ - (+) 
Adrian + (+) +++ ++ +++ ++ (+) ++ 
Lindsey + (+) + - +++ - (+) ++ 
Omar + - +++ + - +++ (+) ++ 
Suzanne + ++ +++ + ++ - +++ +++ 
Lucy + - +++ ++ - +++ - +++ 
Beverly ++ - +++ ++ ++ + - - 
Charlotte + ++ ++ ++ - ++ (+) ++ 
Caroline +++ ++ +++ +++ - +++ (+) +++ 
Charlie +++ +++ ++ ++ +++ ++ +++ ++ 
Note. Continuum scores are not absolute (- = naïve understanding, (+) = mixed understanding, += informed 
understanding, ++= informed understanding and articulated in participants’ own words, and +++= informed 
understanding, articulated in own words, and provides examples to support their understanding). 
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Table 19  
Participants’ Continuum Scores for Aspects of CRP 
 
 Aspects of CRP 
Participant Social relations Self and others Knowledge 
Renee +++ ++ +++ 
Adrian (+) (+) +++ 
Lindsey ++ ++ (+) 
Omar ++ ++ +++ 
Suzanne (+) - (+) 
Lucy - ++ ++ 
Beverly +++ ++ +++ 
Charlotte +++ +++ +++ 
Caroline +++ +++ +++ 
Charlie +++ +++ + 
Continuum scores are not absolute. A - indicates naïve understanding, (+) indicates a mixed understanding, + 
indicates an informed understanding, ++ indicates an informed understanding and articulated in participants’ own 
words, and +++ indicates an informed understanding, the participant articulated this understanding in their own 
words, and the participant provided examples to support their understanding. 
 
Table 20 
Relationship Between Participants’ Responses to Selected Aspects of NOS and Aspects of CRP 
 
 Aspects of CRP 
Aspects of NOS Social relations Self and others Knowledge 
Tentative 70* 80 80 
Subjective 30 30 30 
Creative and imaginative 50 60 60 
Inferences/observations 70 80 80 
Sociocultural Embeddedness 20 20 20 
Empirical 70 80 70 
* Percent of participants informed
 188 
 
CHAPTER 5 
DISCUSSION 
This study examined urban, secondary science teachers’ understanding of culturally 
relevant pedagogy and NOS and explored any relationship between their views of CRP and 
NOS. This chapter contains an analysis of the data and how the data compares with previous 
literature. The first section provides an analysis of the results organized by the three research 
questions. Conclusions drawn from the data analysis are in the second section. Limitations and 
implications of the study and suggestions for further research are in the remaining sections of the 
chapter.  
Discussion of the Results 
This study explored three research questions to ascertain how secondary science teachers 
think about culturally relevant pedagogy and the NOS. Ten secondary science teachers 
participated in separate, semi-structured interviews regarding their understanding of culturally 
relevant pedagogy, completed a VNOS questionnaire, and participated in one-on-one VNOS 
follow-up interviews. Data were analyzed by specific subthemes of culturally relevant pedagogy 
(Ladson-Billings, 1990) as well as by the specific aspects of NOS.  
Research Question 1 
What are urban, secondary science teachers’ understandings of culturally relevant 
pedagogy? 
Science teachers in this study articulated various understandings of the three themes of 
culturally relevant pedagogy. Some were consistent with the beliefs of assimilationist teaching, 
culturally relevant teaching, a blend of both culturally relevant and assimilationist teaching, and 
some that did not align with either. Qualitative literature on science teachers’ understanding of 
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culturally relevant pedagogy, with a focus on their understanding of self and others, 
understanding of social relations, and understanding of knowledge, is limited. Kelly-Jackson 
(2008) completed a mixed-method study focusing on science teachers’ perceived importance of 
culturally relevant teaching in the science classroom and their beliefs about critical issues and 
practices of culturally relevant teaching. However, Kelly-Jackson did not focus specifically on 
the three subthemes of culturally relevant pedagogy.  
Johnson (2011) completed a study about how eight science teachers’ ideas about 
culturally relevant pedagogy shifted as the result of transformative professional development. 
However, the results of Johnson’s study did not report on the eight participants. Instead, it only 
reported data from two participants as case studies. In Johnson’s study, both participants initially 
shared beliefs that were consistent with assimilationist teaching and at the end of the study, both 
participants expressed beliefs that were consistent with the beliefs of culturally relevant teachers 
for each of the three subthemes of culturally relevant pedagogy. Johnson’s study will be 
compared to the results of the current study. 
Love and Kruger (2005) completed a quantitative study of 244 urban teachers in 
predominantly African American schools. Specifically, Love and Kruger’s goal was to create a 
quantitative survey that measured teachers’ beliefs regarding culturally relevant practices in 
classrooms serving African American children. The survey items were based on the three 
subthemes of culturally relevant pedagogy. The results of the current study are compared to Love 
and Kruger’s findings. However, it is important to note that Love and Kruger used quantitative 
measures to elicit understandings of CRP, while the current study used qualitative measures. 
Several limitations of quantitative studies may skew results. Participants might respond in social 
acceptable ways and they may interpret survey statements differently than intended by the 
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researcher. Therefore, the results of Love and Kruger may be biased in a particular direction. 
Additionally, it is important to note that the sample size of the current study was small when 
compared to almost 250 participants in Love and Kruger’s study. Tables 21-23 contain 
statements consistent with culturally relevant and assimilationist teaching practices. Love and 
Kruger (2005) used these statements in a quantitative instrument in order to ascertain the beliefs 
held by teachers in urban contexts. The percentages indicate the percent of teachers who agreed, 
disagreed or were undecided on each statement. 
Understanding of self and others. Eight of the 10 participants (80%) articulated an 
informed understanding of the self and others aspect of culturally relevant teaching. One 
participant, Adrian, articulated a mixed understanding, and another participant, Suzanne, 
articulated an understanding that was consistent with assimilationist teaching practices.  
Table 21 
Participants’ Agreement on CRP Statements Regarding Understanding of Self and Others 
 
Understanding of self and others statement 
Percent 
disagree 
Percent 
undecided 
Percent 
agree 
Statements consistent with CRP    
My purpose for teaching is to give something back to the community 
in the same way I was given an education.  
25.9 10.7 63.5 
Teaching is like an art; it involves dramatizing from the concrete 
experience to the conceptual level of understanding.  
1.2 5.7 93.0 
Sometimes I play the role of student and allow students to teach the 
class.  
13.5 10.2 76.2 
It is part of my responsibility to make connections between what 
happens in the world and who my students are.  
2.4 7.0 90.6 
Statements consistent with assimilationist teaching practices    
My students need a good education so that they can move out of this 
community and have a better life for themselves.  
35.6 15.2 49.2 
Students who fail usually do so because they don’t try hard enough; 
likewise, students who succeed do so because they put forth the 
effort.  
57.3 13.5 29.1 
Some students, no matter what I do, will inevitably fail.  45.0 23.4 31.6 
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Neither of the two teachers in Johnson’s (2011) study articulated an informed understanding of 
the self and others aspect of culturally relevant teaching at the beginning of the study. It is 
difficult to compare the results of the current study to Johnson as the data reported is only for 
two participants. The 80% of teachers with informed understandings of the self and others theme 
of CRP in the current study is consistent with the percentage of teachers agreeing with the 
culturally relevant statements on self and others found by Love and Kruger (2005) Perhaps the 
similarities in results of this study and Love and Kruger are due to the similar teaching context. 
The teachers in the current study and the teachers in Love and Kruger’s study all taught in urban 
schools with high percentages of minoritized students; thus impacting the teachers’ pedagogy. 
Understanding of social relations. Seven of the 10 participants (70%) articulated an informed 
understanding of the self and others aspect of culturally relevant teaching. Two participants, 
Adrian and Suzanne, articulated a mixed understanding, and another participant, Lucy, 
articulated an understanding that was consistent with assimilationist teaching practices. The 
percentage of teachers with an informed understanding in the current study is not consistent with 
the percentage of teachers found in the Johnson (2011) or Love and Kruger (2005) studies (see 
table 22). Neither of the participants in Johnson’s study had an informed understanding of the 
social relations aspect of CRP. One possible reason for the inconsistency in results is that there is 
a range of beliefs and teaching preferences that may be successful when teaching students in 
urban contexts.  
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Table 22 
 
Participants’ Agreement on CRP Statements Regarding Understanding of Social Relations  
 
Understanding of social relations statement 
Percent 
disagree 
Percent 
undecided 
Percent 
agree 
Statements consistent with CRP    
One student’s success is success for the whole class.  44.6 16.8 38.5 
I expect my students to work as a team; if one person slacks off, it is 
others’ responsibility to help this student get back on track.  
25.0 15.2 59.9 
I expect my students to be responsible for one another.  34.5 16.4 48.8 
My underlying reason for using peer-learning strategies is to prepare 
my students for collective thinking, growth, and understanding.  
5.7 11.1 83.2 
Statements consistent with assimilationist teaching practices    
Some children I just cannot seem to connect with.  46.7 10.7 42.6 
I encourage students to work independently more often than I ask 
them to work together.  
56.1 7.8 34.0 
In general, it is more important for my students to be engaged in 
independent learning than in peer learning situations.  
62.3 18.9 18.8 
 
 
Table 23 
 
Participants’ Agreement on CRP Statements Regarding Understanding of Knowledge  
 
Understanding of knowledge statement 
Percent 
disagree 
Percent 
undecided 
Percent 
agree 
Statements consistent with CRP    
What I learn from my students is as important as what they learn from 
me. 
2.9 2.0 95.1 
One of the key elements that guide my teaching of content is that 
students have got to learn to think critically rather than just memorize 
facts.  
2.4 5.7 91.8 
Excellence is a standard that exists independent of individual 
differences.  
11.4 19.7 68.8 
Statements consistent with assimilationist teaching practices    
It is my job to disseminate knowledge to my students.  9.0 13.1 77.9 
I expect students to come to me with a particular set of prerequisite 
skills.  
34.0 16.0 50.0 
Students come to my class knowing very little about what I will teach 
them.  
39.7 18.0 42.2 
 
 193 
 
Understanding of knowledge. Eight of the 10 participants (80%) articulated an informed 
understanding of the self and others aspect of culturally relevant teaching. Two participants, 
Lindsey and Suzanne, articulated a mixed understanding of the knowledge aspect of  
culturally relevant pedagogy. The 80% of teachers with informed understandings of the 
knowledge theme of CRP is consistent with the percentage of teachers who agreed with the 
culturally relevant statements pertaining to knowledge in Love and Kruger’s (2005) study (see 
table 23). The percentage of participants in the current study is higher than found by Johnson 
(2011). In Johnson, the two participants did not have an informed understanding of the social 
relations aspect of CRP. However, Johnson only reported data for two participants. Perhaps the 
similarities of results found in the current study and in the Love and Kruger study are due to the 
similar teaching context. The teachers in the current study as well as the teachers in Love and 
Kruger all taught in urban contexts, with a high percentage of minoritized students, which may 
have an impact on teaching beliefs. Perhaps the majority of teachers in the current study and in 
Love and Kruger assembled a set of beliefs about students in urban contexts that they claim to 
employ in their classrooms and that helped them to teach their students. Montero-Sieburth (1989) 
stated that,  
While urban schools do not necessarily require of their teachers a different set of skills or 
competencies than suburban or rural schools, they certainly demand that teachers be 
cognizant of the particular contextual and cultural variables that pertain to the urban 
setting. (p. 333)  
 
Several teachers in the current study stated that establishing relationships with students helped 
them to reach their students. A relational approach to teaching may be an important component 
of the cultural identity of students in urban contexts (Love & Kruger, 2005; Willis, 1989).  
 The participants in this study articulated a variety of understandings of each aspect of 
CRP (see figure x). Figure x presents the outcome space, a visual mapping of all of the 
 194 
 
qualitatively different ways the participants in this study understand the various aspects of CRP. 
Each understanding is categorized based on their consistency with the beliefs held by culturally 
relevant teachers, assimilationist teachers, or a mix of both culturally relevant and 
assimilationist. Based on the participants’ responses, many of the teachers have understandings 
and are able to share examples of teaching practices consistent with culturally relevant teaching 
practices. However, it is not clear if the participants in this study have an understanding of the 
specific tenets of culturally relevant pedagogy, which is necessary if students are to experience 
academic success, develop cultural competence, and a critical consciousness (Ladson-Billings, 
2009).  
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Figure 16: Outcome space for the aspects of CRP.   
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Research Question 2 
What are urban, secondary science teachers’ understandings of nature of science? 
The science teachers in the current study articulated varied understandings of the NOS 
aspects. Specifically, several studies, using similar VNOS instruments, have assessed both 
preservice and inservice science teachers’ understanding of various aspects of NOS and can be 
compared to the results of the current study (Abd-El-Khalick, 2005; Abd-El-Khalick & Akerson, 
2004; Abd-El-Khalick & Lederman, 2000; Akerson et al., 2012; Mesci & Schwartz, 2017; 
Sarieddine & BouJaoude, 2014).  
Tentative NOS. All participants in the current study articulated an informed 
understanding of the tentative NOS. However, previous studies reported much lower percentages 
of participants with informed understandings of the tentative NOS, prior to any type of 
intervention (See Table 24). It is important to note that many of the previous studies included an 
intervention component. However, the number of participants who articulated an informed 
understanding of the tentative NOS in the current study is consistent with studies by Abd-El-
Khalick and Lederman (2000), Sarieddine and BouJaoude (2014), and Akerson et al. (2012).  
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Table 24  
 
Comparison of Study Participants of the Tentative Aspect of NOS 
 
Study # participants 
Teacher 
Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 
56 
 
 
Preservice VNOS-C 
 
27 
59 
Abd-El-Khalick & Akerson (2004) 
Pre-intervention 
Post-intervention 28 
 
 
 
Preservice VNOS-B 
 
11 
64 
Abd-El-Khalick & Lederman (2000) 
Students in HOS courses  
Preservice teachers  
 
166 
15 
 
 
 
Preservice VNOS-B 
 
7 
93 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
 
Preservice 
VNOS-B 
 
93 
93 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
Preservice 
VNOS-270 
 
50 
50 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 100 
Current study 10 In-service VNOS-270 100 
 
The consistent results between the current study and previous studies for the tentative 
aspect of NOS could be explained by the participants’ educational background. The educational 
background of a science teacher is an important factor in developing views about NOS (Irez, 
2006). It is interesting to note that the current study found the same informed percentage of 
teachers as Sarieddine and BouJaoude (2014) did. The teachers in both studies were all inservice 
science teachers. The teachers in Sarieddine and BouJaoude’s study had prior exposure to NOS 
aspects as a part of their credentialing program. It is unknown if the participants in the current 
study had prior exposure to NOS aspects through their credentialing program; however, the state 
science standards for the courses they teach do contain aspects of NOS. Perhaps it is the case that 
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teachers in both the current study and in Sarieddine and BouJaoude’s study had exposure to the 
tentative NOS through prior coursework or through the curriculum they taught.  
It is also interesting to note that the current study’s results are consistent with the pre-
intervention results of Abd-El-Khalick and Lederman’s (2000) study. Ninety-three percent of the 
preservice teachers in their study had an informed understanding of the tentative NOS. Although 
preservice teachers, they possessed undergraduate degrees and were enrolled in a certification 
program. All of the participants in the current study also possessed undergraduate degrees.  
The results of the current study are also consistent with the pre-intervention results found 
by Akerson et al. (2012). The participants in Akerson et al. were all enrolled in an undergraduate 
program leading to a degree in early childhood education, while the participants in the current 
study were inservice secondary science teachers and had already completed an undergraduate 
degree. It is important to note that the Akerson et al. study did not use the same continuum 
scoring as the current study. Whereas, Akerson et al. may have considered a response adequate, 
the current study may have considered the same response mixed; thus, making the informed 
percentage in the Akerson et al. study higher and thus similar to the results in the current study.   
The results of the current study are inconsistent with several previous studies (Abd-El-
Khalick, 2005; Abd-El-Khalick & Akerson, 2004; Mesci & Schwartz, 2017). While the 
participants in the current study all articulated an informed understanding of the tentative NOS, 
fewer than 70% of participants in three previous studies articulated the same understanding, 
either before or after an intervention. In all three studies, the participants were undergraduate 
students. In the study conducted by Abd-El-Khalick and Akerson (2004), the participants were 
enrolled in an elementary education program. Participants in the Abd-El-Khalick (2005) study 
were all preservice secondary science teachers. The participants in Mesci and Schwartz (2017) 
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were all mostly undergraduate, education majors. All of the participants in the current study were 
inservice, secondary science teachers, all of whom possessed a bachelor’s degree and had at least 
6 years of teaching experience. Therefore, the difference in results may be explained by 
educational attainment and teaching experience.  
Subjective NOS. Four of the 10 (40%) participants in the current study articulated an 
informed understanding of the tentative NOS. This result is consistent with the findings of 
previous studies, prior to any type of interventions (Abd-El-Khalick, 2005; Abd-El-Khalick & 
Akerson, 2004; Abd-El-Khalick & Lederman, 2000; Akerson et al., 2012; Mesci & Schwartz, 
2017; Sarieddine & BouJaoude, 2014). Table 25 contains the percentages of participants with 
informed views of the tentative NOS in each study. It is important to note that many of the 
previous studies included an intervention component. This study did not include any kind of 
instructional intervention. The similar results between the current study and previous studies 
could be explained by the participants’ educational background. The educational background of 
a science teacher is an important factor in developing views about NOS (Irez, 2006). 
Additionally, there may be barriers hindering people from changing their views about the 
subjective NOS such as “broad influences that make scientific knowledge inherently tentative as 
well as subjective” (Mesci & Schwartz, 2017, p. 18). Additionally, individuals’ global 
worldview can interfere with developing a more informed view of some aspects of NOS (Abd-
El-Khalick & Akerson, 2004).  
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Table 25 
 
Comparison of Study Participants of the Subjective Aspect of NOS 
 
Study # participants 
Teacher 
Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 
56 
Preservice 
VNOS-C 
 
18 
36 
Abd-El-Khalick & Akerson (2004) 
Pre-intervention 
Post-intervention 28 
 
Preservice 
VNOS-B 
 
18 
82 
Abd-El-Khalick & Lederman (2000) 
Students in HOS courses  
Preservice teachers  
 
166 
15 
 
Preservice 
VNOS-B 
 
17 
47 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
 
Preservice 
VNOS-B 
 
63 
94 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
 
 
Preservice 
VNOS-270 
 
36 
86 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 57 
Current study 10 In-service VNOS-270 40 
 
Empirical NOS. Nine of the 10 (90%) participants in the current study articulated an 
informed understanding of the empirical NOS. In contrast, previous studies reported much lower 
percentages of participants with informed understandings of the empirical NOS, prior to any type 
of intervention (Abd-El-Khalick, 2005; Abd-El-Khalick & Akerson, 2004; Abd-El-Khalick & 
Lederman, 2000; Akerson et al., 2012; Mesci & Schwartz, 2017; Sarieddine & BouJaoude, 
2014). Table 26 contains the percentages of participants with informed views of the empirical 
NOS in each study. It appears that teachers in the current study have more informed views of the 
empirical NOS than teachers in previous studies had. Perhaps this could be explained by the 
participants’ educational background. All of the teachers in the current study were inservice 
science teachers with at least a bachelor’s degree and 6 years of teaching experience. With the 
exception of the teachers in the Sarieddine and BouJaoude (2014) study, all of the teachers in 
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previous studies were preservice teachers. Perhaps the higher percentage of informed 
understanding in the current study could also be explained by the sample. The group of science 
teachers in the current study was composed of 80% people of color, substantially different from 
the majority of participants in previous NOS studies (Walls, 2016). Therefore, there may be 
some differences between how White participants in previous studies and the participants in this 
study think about the empirical NOS.  
Table 26 
Comparison of Study Participants With an Informed Understanding of the Empirical Aspect of 
NOS 
 
Study # participants 
Teacher 
Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 
56 
 
Preservice 
VNOS-C 
 
11 
61 
Abd-El-Khalick & Akerson (2004) 
Pre-intervention 
Post-intervention 28 
 
 
Preservice 
VNOS-B 
 
29 
71 
Abd-El-Khalick & Lederman (2000) 
Students in HOS courses  
Preservice teachers  
 
166 
15 
 
 
Preservice 
VNOS-B 
 
4 
53 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
 
 
Preservice 
VNOS-B 
 
38 
100 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
 
 
Preservice 
VNOS-270 
 
50 
100 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 14 
Current study 10 In-service VNOS-270 90 
 
Imaginative and creative NOS. Eight of the 10 participants (80%) in the current study 
articulated an informed understanding of the imaginative and creative NOS. However, previous 
studies reported much lower percentages of participants with informed understandings of this 
aspect of NOS, prior to any type of interventions (Abd-El-Khalick, 2005; Abd-El-Khalick & 
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Akerson, 2004; Abd-El-Khalick & Lederman, 2000; Akerson et al., 2012; Mesci & Schwartz, 
2017; Sarieddine & BouJaoude, 2014). Table 27 contains the percentages of participants with 
informed views of the imaginative and creative NOS in each study.  
Table 27 
 
Comparison of Study Participants With an Informed Understanding of the Imaginative and 
Creative Aspect of NOS 
 
Study # participants 
Teacher 
Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 
56 
 
Preservice 
VNOS-C 
 
30 
61 
Abd-El-Khalick & Akerson (2004) 
Pre-intervention 
Post-intervention 28 
 
 
Preservice 
VNOS-B 
 
18 
86 
Abd-El-Khalick & Lederman (2000) 
Students in HOS courses  
Preservice teachers  
 
166 
15 
 
 
Preservice 
VNOS-B 
 
15 
14 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
 
 
Preservice 
VNOS-B 
 
63 
100 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
 
 
Preservice 
VNOS-270 
 
57 
93 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 86 
Current study 10 In-service VNOS-270 80 
 
Perhaps the differences between the current study and previous studies could be 
explained by the participants’ educational background. All of the teachers in the current study 
were inservice science teachers with at least a bachelor’s degree and 6 years of teaching 
experience. With the exception of the teachers in the Sarieddine and BouJaoude (2014), all of the 
teachers in previous studies were preservice teachers. Additionally, perhaps the higher 
percentage of informed understanding for the imaginative and creative NOS could also be 
explained by the sample. The group of science teachers in the current study was composed of 
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80% people of color, substantially different from the majority of participants in previous NOS 
studies (Walls, 2016). Therefore, there may be some differences between how participants in 
previous studies and the participants in this study think about the imaginative and creative NOS. 
Social and cultural embeddedness NOS. Two of the 10 (20%) participants in the 
current study articulated an informed understanding of the social and cultural embeddedness 
aspect of NOS. Previous studies reported much higher percentages of participants with informed 
understandings of the social and cultural embeddedness aspect of NOS, prior to any type of 
interventions (Abd-El-Khalick, 2005; Akerson et al., 2012; Mesci & Schwartz, 2017; Sarieddine 
& BouJaoude, 2014). Table 28 contains the percentages of participants with informed views of 
the social and cultural embeddedness aspect of NOS in each study. Abd-El-Khalick and Akerson 
(2004) did not explore the social and cultural embeddedness of science aspect in their study; 
therefore, it was not included in the comparison table. The dissimilar results between the current 
study and previous studies could perhaps be explained by the participants’ educational 
background. Perhaps the participants in the current study were not exposed to the social and 
cultural embeddedness of science in their educational experiences. The educational background 
of a science teacher is important factor in developing views about NOS (Irez, 2006). 
Additionally, there may be barriers hindering people from changing their views about the social 
and cultural embeddedness aspect of NOS (Mesci & Schwartz, 2017).  
Theories and laws. Six of the 10 (60%) participants in the current study articulated an 
informed understanding of the theory and laws aspect of NOS. In contrast, previous studies 
reported much lower percentages of participants with informed understandings of the theories   
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Table 28 
 
Comparison of Study Participants With an Informed Understanding of the Social and Cultural 
Embeddedness Aspect of NOS 
 
Study # participants 
Teacher 
Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 
56 
 
Preservice 
VNOS-C  
39 
61 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
 
 
Preservice 
VNOS-B  
63 
94 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
 
Preservice 
VNOS-270  
71 
71 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 43 
Current study 10 In-service VNOS-270 20 
 
and laws aspect of NOS, prior to any type of interventions (Abd-El-Khalick, 2005; Abd-El-
Khalick & Akerson, 2004; Abd-El-Khalick & Lederman, 2000; Akerson et al., 2012; Mesci & 
Schwartz, 2017; Sarieddine & BouJaoude, 2014). Table 29 contains the percentages of 
participants with informed views of the theories and laws in each study. The different results 
between the current study and previous studies could perhaps be explained by the participants’ 
educational background. The education of a science teacher is an important factor in developing 
views about NOS (Irez, 2006). Additionally, perhaps the higher percentage of informed 
understanding could be explained by the sample. The science teachers in the current study were 
80% people of color, substantially different from the majority of participants in previous NOS 
studies (Walls, 2016). Therefore, there may be differences between how participants in previous 
studies and the participants in the current study think about the theories and laws aspect of NOS. 
Mesci and Schwartz (2017) also asserted that the distinction between theories and laws is an 
aspect of NOS that may be influenced by sociocultural factors. 
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Table 29 
 
Comparison of Study Participants With an Informed Theories and Laws Aspect of NOS 
 
Study # participants 
Teacher 
Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 56 
 
Preservice 
VNOS-C  
11 
54 
Abd-El-Khalick & Akerson (2004) 
Pre-intervention 
Post-intervention 
28 
 
Preservice 
VNOS-B 
 
11 
75 
Abd-El-Khalick & Lederman (2000)  Preservice VNOS-B  
Validity: The laws-are-certain fable     
Students in HOS course 166   10 
Preservice teachers 15   7 
Perceived functions and relationships     
Students in HOS course 166   3 
Preservice teachers 15   14 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
Preservice VNOS-B 
 
< 1 
38 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
 
Preservice 
VNOS-270 
 
< 1 
57 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 0 
Current study 10 In-service VNOS-270 60 
 
Observations and inferences. All 10 participants in the current study articulated an 
informed understanding of the observation and inference aspect of NOS. However, previous 
studies reported lower percentages of participants with informed understandings of the 
observation and inference aspect of NOS, prior to any type of interventions (Abd-El-Khalick, 
2005; Abd-El-Khalick & Akerson, 2004; Abd-El-Khalick & Lederman, 2000; Akerson et al., 
2012; Mesci & Schwartz, 2017; Sarieddine & BouJaoude, 2014). Table 30 contains the 
percentages of participants with informed views of the observation and inference aspect of NOS 
in each study.  
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Table 30 
 
Comparison of Study Participants With an Informed the Observation and Inference Aspect of 
NOS 
 
Study 
# 
participants 
Teacher Level VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick (2005) 
Students in Methods course 
Students in Philosophy of Science course 56 
 
Preservice 
VNOS-C 
29 
71 
Abd-El-Khalick & Akerson (2003) 
Pre-intervention 
Post-intervention 
28 Preservice VNOS-B 
25 
75 
Abd-El-Khalick & Lederman (2000)   VNOS-B  
Validity: The laws-are-certain fable     
Students in HOS course 166 Undergraduates  30 
Preservice teachers 15 Preservice  73 
Perceived functions and relationships     
Students in HOS course 166 Undergraduates  16 
Preservice teachers 15 Preservice  14 
Akerson, Buzzelli, & Eastwood (2012)  
Pre-intervention 
Post intervention 16 
Preservice VNOS-B 
44 
81 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
Preservice VNOS-270 
79 
100 
Sarieddine & BouJaoude (2014)  7 In-service VNOS-C 71 
Current study 10 In-service VNOS-270 100 
 
The differences found between the current study and previous studies could perhaps be 
explained by the participants’ educational background. The educational background of a science 
teacher is an important factor in developing views about NOS (Irez, 2006). The higher 
percentage of informed understanding for the observation and inference aspect of NOS could 
also be explained by the sample. The group of science teachers in the current study was 
composed of 80% people of color, substantially different from the majority of participants in 
previous NOS studies (Walls, 2016). Therefore, there may be some differences between how 
participants in previous studies and the participants in this study think about observations and 
inferences in science.  
 207 
 
Scientific method. The percentage of participants with an informed understanding of the 
scientific method aspect of NOS in the current study (70%) is higher than the results of previous 
studies, prior to any instructional intervention (Abd-El-Khalick & Lederman, 2000; Abd-El-
Khalick & Akerson, 2004; Mesci & Schwartz, 2017). Table 31 contains the percentages of 
participants with informed views of the scientific method aspect of NOS in each study. Two 
studies (Akerson et al., 2012; Sarieddine & BouJaoude, 2014) did not include the scientific 
method aspect in their VNOS instrument and were not included in the table.  
The current study’s results for the informed understanding of the scientific method aspect 
NOS (70%) are similar to the pre-intervention results for the preservice teachers in studies 
conducted by Abd-El-Khalick and Lederman (2000) and Mesci and Schwartz (2017). Abd-El-
Khalick and Lederman found that 86% of the preservice teachers in their study had an informed 
understanding of the scientific method aspect of NOS. Perhaps these results are because of the 
educational background of the participants (Irez, 2006). The participants in the current study and 
the preservice teachers in Abd-El-Khalick and Lederman all possessed undergraduate degrees. 
Mesci and Schwartz found that 64% of the preservice teachers in their study had an informed 
understanding of the scientific method aspect of NOS. Perhaps the similar result here is because 
the same VNOS-270 instrument was used.  
The inconsistent results between the current study and the study conducted by Abd-El-
Khalick and Akerson (2004) could perhaps be explained by the participants’ educational 
background. The participants in the Abd-El-Khalick and Akerson study were enrolled in an 
elementary education program. All of the participants in the current study were inservice, 
secondary science teachers, possessed a bachelor’s degree, and had at least 6 years of teaching 
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experience. Therefore, the difference in results may be explained by the lack of educational 
experience.  
Table 31 
 
Comparison of Study Participants With an Informed Understanding of the Scientific Method 
Aspect of NOS 
 
Study # participants 
Teacher 
 Level 
VNOS 
instrument 
Percent 
informed 
Abd-El-Khalick & Akerson (2004) 
Pre-intervention 
Post-intervention 
28 Preservice VNOS-B 
14 
68 
Abd-El-Khalick & Lederman (2000)   VNOS-B  
When specifically asked     
Students in HOS course 166 Undergraduates  15 
Preservice teachers 15 Preservice  86 
Mesci & Schwartz (2017) 
Pre-intervention 
Post-intervention 14 
Preservice VNOS-270 
64 
93 
Current study 10 In-service VNOS-270 70 
 
As a group, the participants in the current study articulated understandings of different 
aspects of NOS that were more informed than participants in other studies using a similar VNOS 
instrument. Furthermore, the participants articulated a variety of understandings of each aspect of 
NOS (see figure x). Figure x presents the outcome space, a visual mapping of all of the 
qualitatively different ways the participants in this study understand the various aspects of NOS.  
There are several possible reasons for the much higher percentages of informed understandings 
of the various NOS aspects in the current study. One likely reason is that this was a unique group 
of science teachers compared to the participants in previous studies. Eighty percent of the 
participants in this study were people of color. Black, Latino, Native American, and other people 
of color are disproportionately excluded from NOS research (Walls, 2016). Therefore, there may 
be some inherent biases with the VNOS instrument that are not apparent because of the larger 
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majorities of White participants (Walls, 2016). Additionally, there may be some differences in 
how White participants in previous studies and the minoritized participants in the current study 
think about NOS.  
 210 
 
 
Figure 17: Outcome space for the various aspects of NOS.  
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Research Question 3 
Is there a relationship between urban science teachers’ understandings of culturally 
relevant pedagogy and nature of science? 
Very little research exists on the relationships between NOS and CRP (Kelly-Jackson & 
Jackson, 2011). While the data did not identify any particular relationships between the aspects 
of NOS and CRP identified in Chapter 2 (See Figures 1, 2, and 3), relationships between 
participants’ responses to aspects of CRP and NOS were found (See Table 20). These 
relationships between culturally relevant teaching and science are discussed in this section. 
Tentative NOS and CRP. Seventy percent of the participants had informed 
understandings of both the tentative aspect of NOS and the social relations aspect of CRP. 
Additionally, 80% of the participants had informed understandings of the tentative NOS and the 
self and others and knowledge aspect of CRP. The high percentage of participants having 
informed understandings of both the tentative NOS and social relations may be because inherent 
in both is the idea of flexibility. Science is flexible in the sense of its ability to change and the 
social relations aspect of CRP recognizes the fluidity of social interactions in the classroom.  
Subjective NOS and CRP. Participants did not indicate a connection between their 
views about the subjective NOS and the sharing, creating, and recycling of knowledge in the 
science classroom or the critical view of knowledge aspect of CRP. However, 30% of the 
participants in this study had informed understandings of both the subjective aspect of NOS and 
all three aspects of CRP. Although literature on the relationships between NOS and CRP is 
limited (Kelly-Jackson & Jackson, 2011), a few trends are worth noting. First, Lucy articulated a 
naïve understanding of the subjective NOS as well as an assimilationist understanding of social 
relations in the classroom. It is worth noting that Lucy was the oldest participant in the study, 
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had the most teaching experience, and credited her classroom social environment to her “old-
fashioned” methods. There may be a relationship between one’s assimilationist perspective of 
social relations in the classroom and the strict/limited role of bias, opinions, and feelings in 
science and the development of scientific knowledge. However, more data are needed to explain 
the relationship sufficiently.  
Creative NOS and CRP. Eight participants recognized the role of creativity and 
imagination in science and the development of scientific knowledge. However, only five of those 
eight participants also recognized teaching as an art. Therefore, 50% of the participants in this 
study recognized the role of creativity and imagination in science and embraced the teaching as 
an art component of CRP. Additionally, 60% of the participants in this study had informed 
understandings of the creative and imaginative NOS as well as the self and others and the 
knowledge aspect of CRP.  
The high percentage of participants having informed understandings of both the 
imaginative and creative NOS and the self and others aspect may be because both aspects require 
innovative thinking. For example, scientists need to think about their scientific research in 
different ways to solve problems, test ideas, and create new ideas. Likewise, science teachers 
must hold themselves and others in the educational community in high regard in order to reach 
their students. The high percentage of participants having informed understandings of the 
creative and imaginative NOS and the knowledge aspect of CRP may be because both aspects 
require different thought processes in the way they approach their work. Just as all scientists take 
different and creative approaches to solving problems, science teachers also take a different and 
creative approach to teaching students. For example, culturally relevant teachers believe that 
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knowledge is constructed in the classroom; therefore, students are not just receptacles of 
knowledge. More data are needed to explain the relationship sufficiently.  
Inferences and observations of NOS and CRP. Seventy percent of the participants had 
informed views of both the inferential NOS and social relations aspect of CRP. Eighty percent 
had informed views of both the inferential NOS and the self and others aspect and the knowledge 
aspect of CRP. No theoretical relationships between the aspects of NOS and CRP were identified 
in Chapter 2; therefore, those found in the data in the current study cannot be explained.   
Social and cultural NOS and CRP. The analysis did not identify any particular 
relationship between the social and cultural NOS and the critical view of knowledge aspect of 
CRP. However, there may be a relationship between one’s mixed understanding of the influence 
of social and cultural factors on science and the social relations aspect of CRP. Adrian believed 
that social and cultural factors influence science but that they should not. Adrian also believed in 
a community of learners but also encouraged students to work individually during class. Adrian 
acknowledged this had much to do with time and standardized testing. Adrian stated, “I feel that 
a lot of time is spent trying to figure out their individual strengths and weaknesses to address, 
unfortunately, testing” (CRP Interview). Perhaps professional development that targets such a 
view could change Adrian’s views. In this case, professional development should specifically 
focus on culturally relevant pedagogy in the standardized testing culture. There are ways to 
practice culturally relevant pedagogy even with the demands of high-stakes testing, as was 
reported by some of the teachers in the current study. 
One possible reason for the lack of connections between CRP and the sociocultural 
embeddedness aspect of NOS could be that teachers in this study do not have adequate views of 
the nature of science. It has been long supported by literature that teachers at all grade bands do 
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not have an adequate understanding of NOS aspects for K‒12 learners (Lederman & Lederman, 
2014). If science teachers do not have an adequate understanding of NOS, it is likely they also do 
not understand the importance of NOS to the K‒12 learner, especially for minoritized students. It 
is also important to note that prior to the 2017‒2018 academic school year, science teachers in 
Georgia did not have to teach the aspects of NOS in their science curriculum.  
Another possible reason for the lack of connections between CRP and the sociocultural 
embeddedness aspect of NOS could be that teachers in the current study do not have knowledge 
of culturally relevant pedagogy as an instructional framework. This may be the fault of many 
colleges of education (Sleeter, 2001). Even though many of the teachers in the current study 
expressed beliefs consistent with the beliefs of culturally relevant teachers, knowledge of the 
culturally relevant pedagogical framework may help science teachers use different methods in 
the science classroom.  
Overall, the teachers in this study may not be making the connections between content 
and pedagogy because of the influence and focus on standardized testing. Several teachers in this 
study mentioned that their pedagogical practices were influenced by pressure to cover the 
required content material. Furthermore, Belifore, Auld and Lee (2005) assert that teachers in 
urban contexts abandon sound pedagogical practices for a narrow focus on content material in 
preparation for standardized exams. In order for the teachers in this study to make the 
connections between content and pedagogy, perhaps they need professional development on how 
to combine both their knowledge of the content material as well as effective pedagogical 
practices. It is not enough for a teacher to possess content knowledge without having the 
necessary skills in order to covey that knowledge to students.  
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Implications 
Several implications can be drawn from the results of this study. The following section 
contains a discussion of those implications for three stakeholder groups. These groups are 
colleges of education/teacher preparation programs, school and district administrators, and 
science teachers.  
Colleges of Education/Teacher Preparation Programs 
The implementation of the new Georgia Standards of Excellence for Science, based on 
the Next Generation Science Standards (National Research Council, 2013), took place in the fall 
of 2017. These new standards require a three-dimensional approach to science teaching that 
includes being explicit about specific disciplinary core ideas, and crosscutting concepts with 
science and engineering practices. Several aspects of nature of science are embedded throughout 
the three-dimensional approach. Therefore, it may be in the best interest of science teacher 
education programs to require all preservice science teachers to complete a course in the nature 
of science that includes a focus on NOS pedagogy. It is worth noting that simply possessing a 
background in NOS does not automatically translate into NOS instruction in the classroom; 
however, teachers cannot teach what they do not know (Lederman, 2007). For science teachers 
to include NOS as a part of the three-dimensional approach to science teaching, Abd-El-Khalick 
(2005) asserted that teachers not only need an understanding of various NOS aspects that are 
important to K‒12 students, but they also need various instructional strategies, including 
examples, activities, illustrations, explanations, demonstrations, and historical episodes.  
In addition to coursework on NOS, teacher preparation programs should also require 
preservice teachers to complete coursework on teaching culturally diverse students in order to 
explore effective research-based practices for the diverse classroom. Within the coursework, 
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teachers should have the opportunity to explore and assess their own beliefs about being 
culturally relevant and their beliefs about different student populations. Additionally, it would 
help preservice teachers to hear from inservice teachers who practice culturally relevant 
pedagogy. The inservice teachers can share their reasons for teaching diverse students and share 
culturally relevant instructional strategies in the science classroom. No magic bullet exists that 
all teachers can use to become culturally relevant teachers (Ladson-Billings, 1994/2009). Even if 
there was one, Ladson-Billings (1994/2009) admitted she would not share it because culturally 
relevant practices are highly contextual. Implementation in teacher education programs of more 
coursework and experiences about teaching culturally diverse students may help broaden the 
perspective of preservice teachers and help them see the need for culturally relevant practices.  
Administrators of Education 
Several teachers in the current study mentioned time as a barrier to implementing 
different instructional strategies in the classroom. Several teachers felt as if the implementation 
of different instructional strategies and other important concepts would detract from the time 
needed to prepare for standardized testing. For example, Charlotte no longer teaches a course 
with an associated standardized test; therefore, she is flexible in terms of the content and pacing.  
I don’t have a time constraint of I’ve got to be done by April because we need to be 
reviewing because we’ve got this test. I do have a little more flexibility of infusing the 
nice to knows with the need to knows. Especially with my environmental class I like to 
do a lot of case studies because again, I think the great thing with case studies is it gives 
this broad example and it ties it in with content but it gives some of those outliers to 
encourage the students to push beyond the obvious. (CRP Interview) 
 
Therefore, school district administrators and state education leaders should limit the number of 
standardized tests students have to take. However, more research would be needed to support this 
claim sufficiently. Furthermore, school district leaders must offer teachers professional 
development courses in culturally relevant pedagogy. It is my belief that science teaching and 
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learning should not be about preparation for a standardized test. Perhaps the reason teachers feel 
constrained is because of their lack of knowledge about culturally relevant pedagogy.  
 In addition to professional development courses on culturally relevant pedagogy, school 
district leaders should offer all science teachers ongoing professional development on the nature 
of science, including nature of science pedagogy. The new Georgia Standards of Excellence for 
science require science teachers to address various aspects of the nature of science. NOS is 
instrumental in developing scientific literacy (Driver et al., 1996) and explicit instruction in NOS 
directly challenges the status quo by challenging the authoritative role of science in Western 
culture (Meyer & Crawford, 2011); therefore, explicit NOS instruction can be considered a 
culturally relevant teaching practice that has the potential to decrease access issues and promote 
a more equitable science education for minoritized students. It is worth noting that just having an 
informed understanding of NOS does not translate into NOS instruction in science classrooms, 
further justifying the need for professional development courses in NOS pedagogy.  
Finally, administrators of education, from the local school science department chair to 
state science curriculum directors should be educated on culturally relevant pedagogy. If 
administrators are aware of various policies and pedagogical approaches that marginalize 
different student populations, perhaps they can take appropriate measures to remedy the 
situation. Administrators of education have to understand how to create and sustain culturally 
relevant school environments.  
Science Teachers 
One implication for practitioners is that they should provide an education that is in the 
best interest of their students, regardless of the demands and pressures placed on them. Teachers 
can do this by establishing relationships with their students. These personal relationships help 
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teachers develop a curriculum best suited to meet the needs of their students. It is crucial that 
science educators are working to prepare scientifically literate individuals and not students who 
can just pass standardized exams. Successful teachers are practitioners of culturally relevant 
pedagogy even with demands and pressures such as standardized testing.  
Teachers should take the initiative to improve their teaching by seeking out professional 
development. It is not enough for teachers to limit themselves to the content learned in teacher 
preparation programs or in professional development courses. At the end of the day, teachers in 
the classroom are the closest to the students―teachers know the needs of their students. It is 
ultimately up to teachers to do whatever it takes to facilitate learning in the classroom.  
Limitations of the Study 
One limitation of this study was the sampling method and sample size. The science 
teachers were chosen through purposive sampling because they were the most accessible and 
were willing to participate. The sample size was small, due to the nature of the concepts being 
explored and the research methodology. While there is no fixed sample size for a 
phenomenographic study, the sample should be a sufficient size to gather rich data and it should 
ensure that the amount of data remains manageable (Akerlind, 2005). Although 10 participants 
allowed for the generation of rich data, the results cannot be generalized beyond the science 
teachers in this study. However, the results can be used for comparison with future studies with 
larger sample sizes.  
Because of the sampling strategy used in this study, several teachers may have felt 
pressured to participate in the study. The teachers in this study were encouraged by school 
administration and department instructional supervisors to participate; however, they could have 
refused to participate in this study or could have quit at any time during the study. Although this 
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type of recruitment strategy is not ideal, the school districts where these teachers worked 
required its use. Garnering the support of school administration and department instructional 
supervisors may have increased participants’ willingness to participate in the study.  
This study did not include observations of the science teachers in their practice. The data 
generated were self-reported by the teachers. Thoughts about culturally relevant pedagogy do not 
necessarily translate into the practice of culturally relevant pedagogy. A participant could have 
said one thing regarding culturally relevant pedagogy while practicing another thing. 
Observations of teachers in practice would have provided more data on how the teachers’ 
practice matched their understanding of culturally relevant pedagogy. However, the research 
questions for this study focused on teachers’ understanding and not on their teaching practices.  
Another possible limitation of this study was the interview protocol used for culturally 
relevant pedagogy and the VNOS instrument. The interview protocol developed by Ladson-
Billings (1994/2009) elicited thoughts from teachers regarding three specific themes. The goal of 
the current study was to elicit views as to Ladson-Billings’ three-theme framework for culturally 
relevant pedagogy; therefore, other themes of culturally relevant pedagogy may not have become 
apparent in the current study. Similarly, the VNOS instrument was designed to capture teacher 
understandings of NOS aspects that are relevant to K‒12 science education. There may be 
additional NOS aspects that did not become apparent in the current study. However, the goal of 
the current study was to elicit teacher understandings’ of NOS aspects that were relevant to 
science education.  
In qualitative research, the researcher is the main instrument of data collection, analysis, 
and interpretation (Creswell, 2014). The analysis of the data was based on my knowledge of 
culturally relevant pedagogy and nature of science. It is possible for other qualitative researchers 
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to view the data within their own frameworks and come to different conclusions. Therefore, the 
results of this study cannot be generalized beyond the participants in the current study.  
Suggestions for Further Research 
This study was conducted with a small number of participants over one semester. 
Therefore, the findings of this study are limited in the scope of application. Research conducted 
over a longer period and that includes classroom observations would not only examine how 
teachers think about culturally relevant pedagogy but also how science teachers practice 
culturally relevant pedagogy in the science classroom. Research on the practice of culturally 
relevant pedagogy in the science classroom could partially contribute to the development of a 
framework for culturally relevant science teaching. Several researchers asserted that nature of 
science can be a part of that framework (Meyer & Crawford, 2011; Settlage & Southerland, 
2012). If science teachers are able to see the connection between NOS and CRP, then perhaps 
they would be more inclined to incorporate this into the three-dimensional curriculum framework 
the new Georgia Standards of Excellence for Science require.  
 Black, Latino, Native American, and other people of color are disproportionately 
excluded from NOS research (Walls, 2016). Perhaps there were sociocultural factors influencing 
the NOS understandings of the teachers in the current study. Additionally, there may be inherent 
biases with the VNOS instrument that were not apparent because of the large amount of previous 
literature on Whites in NOS research (Walls, 2016). Further research in NOS understandings of 
science teachers from minoritized populations is needed to either support or refute this claim.  
In terms of future NOS research, it would be interesting to explore what is it about the 
participants in this current study that led them to articulate more informed understandings of the 
empirical NOS, imaginative and creative NOS, distinction between theories and laws, and the 
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distinction between observations and inference aspect of NOs than other groups in previous 
studies. Future NOS research should also explore what is it about this group that led them to 
articulate less informed understandings of the social and cultural embeddedness of science than 
other groups in previous studies. 
 Future research should also explore the nature of the relationships between science 
teachers’ beliefs about the classroom social environment and their beliefs about the subjective 
NOS as well as the role of social and cultural influences on science and the development of 
scientific knowledge. Additional relationships between science teachers’ beliefs about NOS and 
CRP should be explored. New relationships could be helpful in developing a framework for 
culturally relevant science teaching.  
Finally, further research on culturally relevant school leadership should be conducted in 
urban school districts where the majority of students are from minoritized groups. Minoritized 
groups are concentrated in urban school districts and these students can benefit from culturally 
relevant school leadership (Badger, 2014; Gay, 2000; Morello & Mellnick, 2012). In addition, 
more research should be conducted in preservice educational leadership programs to determine 
how urban educational leaders are being prepared. Culturally relevant school leadership is a 
relatively new concept and how to incorporate and use this concept is developing in the literature 
(Khalifa, Gooden, & Davis, 2016). Future research should focus on how school leaders use this 
concept and how they develop and foster it in their schools and the communities they serve. 
Summary 
James Baldwin once said, “These are all of our children, and we will benefit by or pay for 
what they become.” Scientific literacy for ALL students has been the goal of science education 
for several decades (Abrams et al., 2014). However, this has not been the reality as evidenced by 
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standardized test scores in science. This study provided evidence that this group of urban, 
secondary science teachers lack knowledge of relevant NOS aspects for K‒12 learners as well as 
CRP as a pedagogical framework. Knowledge of both, with professional development focus on 
pedagogy, may translate into classroom practice and ultimately improve science education for 
minoritized students.  
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APPENDICES 
APPENDIX A: NOS ACTIVITIES 
The following are NOS activities that can be used as a stand-alone activity or can be embedded within 
science content instruction (Lederman & Abd-El-Khalick, 1998).  
 
Activity 1: Tricky Tracks 
This activity can be used to introduce students to the NOS. You can use the activity to establish an atmosphere that 
supports your students’ active participation in classroom discussion. This atmosphere is crucial if you are to derive 
the most of this or any of the activities to follow. Tricky Tracks! conveys to students the message that every single 
idea of theirs counts irrespective of it being the correct answer.  
 
The activity aims to help students: 
1. Distinguish between observation and inference. 
2. Realize that, based on the same set of evidence (observations or data), several answers to the same question may 
be equally valid. 
 
Level Upper elementary, middle, or high school. 
 
Materials Overheads (see Figures 5, 6 & 7) 
 
Possible Scenario 
1.  Place Figure 7 on the overhead projector. Ask students to write down an account of what they think might have 
happened as indicated by what they see. A typical story line is that “two birds approached each other over the 
snow, had a fight, and the big bird ate the smaller one and went on its way.” Make sure that each student writes 
his/her own account. This written record will render students’ dissatisfaction with their accounts greater and 
facilitate their attending to the ideas being presented.  
 
2.  Place Figure 5 on overhead. Ask students: “What do you observe?” Typically students would answer: “Bird (or 
any other animal) tracks” or “Tracks left by birds (or other animals) as they walked toward the same spot,” etc. 
Accept all answers at this point and avoid passing any judgment. You can list those answers on the board.  
 
3.  To continue with the bird scenario, at this point you may ask: “Can you see the birds?” or “How can you tell 
that these tracks are left by birds?” The fact that we cannot see birds makes the statement “bird tracks” an 
inference rather than an observation. A possible observation would be: “Two sets of black marks of different 
shapes and sizes left on a transparency!” It is the case that based on this observation and probably on our 
familiarity with the kind of tracks that some animals leave behind, we inferred that birds made those tracks. The 
marks or tracks may equally well be those of dinosaurs: Two different species of dinosaurs, or a mother (or 
father) and a baby dinosaur of the same species. The tracks may as well be those of two different kinds of birds, 
or a large and a small bird of the same species. Even our claim that larger tracks are left by the larger animal is 
an inference. 
 
4.  The important point to emphasize is that student statements similar to the above ones are inferences as 
contrasted to observations. 
 
5.  You may ask your students: “Why were the two animals heading toward the same spot?” Again the answers 
may vary: Aiming for a common prey, or moving toward a source of water. One animal may have been 
attacking the other, or the two had to move to the same spot by virtue of the nature of the terrain, etc. It is 
important to point out that all of these statements are inferences and that all those inferences are equally 
plausible (see Extensions, #1, below). Emphasize that based on the same set of observations or evidence, you 
and your students were able to come up with several, but equally plausible answers (inferences) to the same 
question: “What has happened?” 
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6.  Place Figure 6 on overhead. Ask your students: “What do you observe?” Some may answer: “The two sets of 
marks now appear to be close and randomly mingled,” which is a possible observation. Others may say: “The 
two birds are having a fight,” which is an inference. Point out to students the difference between the two. Again 
note that many inferences are possible: The two animals are fighting, or engaged in a mating ritual, or battling 
over a prey that one of them has captured, etc. 
 
7.  Now place Figure 7 on overhead and ask students what they observe. By now the answer should typically be: 
“The set of the larger marks is left on the transparency. The smaller marks are not visible anymore.” Ask them: 
“What do you infer?” Again the possibilities are many: One animal may have eaten the other, one may have 
grabbed the other and moved on, one animal may have flown while the other kept walking, etc. Again stress the 
point that all these inferences are equally justified by the evidence available. 
 
8.  Now ask each pair of students to compare their written accounts and what they think of them after the class 
discussion. (You can ask younger students to write in their journals whether and how the discussion made them 
change their mind about their own accounts). Next, ask students whether we can ever know, based on the 
evidence available, what has “really” happened (see Extensions, #2, below). 
 
9.  Conclude by making explicit the two main points: a) the difference between observation and inference, and b) 
based on the same set of evidence many equally warranted answers to the same question can be inferred. 
Continue that scientists make similar inferences as they attempt to derive answers to questions about natural 
phenomena. And even though their answers are consistent with the evidence available to them, no single answer 
(or story) may solely account for that evidence. Several answers are often plausible. And similar to the case of 
our tracks, scientists may simply never find the answer as to what has really happened. 
 
 
Figure A1: Figure 5 in Lederman and Abd-El-Khalick (1998)  
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Figure A2: Figure 6 in Lederman and Abd-El-Khalick (1998) 
 
Figure A2: Figure 7 in Lederman and Abd-El-Khalick (1998) 
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Activity 2: Young? Old? 
Level: Upper middle and high school 
 
Materials: Overheads (Figures 11, 12a, b and c.) 
 
Procedure / Scenario: 
1.  Place Figure 12a on the overhead. Ask students what they see. 
 
2.  Students usually first recognize the face of an old lady. A few usually see the profile of an attractive young 
woman. 
 
3.  If students cannot see the young lady, insist that it shows in the drawing, and that they can see it if they look 
hard enough. Do not at this stage point at the drawing to help students ‘see’ one image or the other.  
 
4.  Now point out, for example, how the nose of the old lady forms the cheek and chin of the young woman to 
help students recognize the image. Many students will still not be able to see one or the other image.  
 
5.  Ask students, “How come we are looking at the very same drawing and seeing two different things?” If this 
was a piece of evidence, for example, a witness’s recollection of a murder’s face which she saw at a crime 
scene, then the police would end up looking for two women: an old lady and a young one! 
 
6.  Ask, “How can it be that some of us see only one face and not the other?” “Is it possible that some scientists 
may look at the same piece of evidence or set of data and see different things?” You can at this point discuss 
with students how a scientist’s training, previous knowledge, and experiences dispose him/her to ‘see’ a 
certain set of evidence from a certain perspective. In the same manner that your students were not able to see 
the face of the young lady in the drawing, scientists sometimes fail to ‘see’ (or perceive of) a certain set of 
evidence as relevant to their questions. Scientists sometimes tend to infer different things from the same set of 
data in the same manner that your students inferred totally different things from the same piece of evidence: 
the drawing. 
 
7.  To help students see both images, show them Figure 12b of the old lady and Figure 12c of the young women. 
Now students can look at Figure 12a and, with some effort, see both faces. Students can now shift from one 
face to the other. They, however, can never see both faces at the same time. Figure 11 can be used in the same 
manner, by asking if it is a rabbit or a duck. 
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Figure A3: Figure 12a in Lederman and Abd-El-Khalick (1998)  
 
 
Figure A4: Figure 12b in Lederman and Abd-El-Khalick (1998) 
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Figure A5: Figure 12c in Lederman and Abd-El-Khalick (1998) 
 
 
 
Figure A6: Figure 11 in Abd-El-Khalick (1998) 
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Appendix B: VNOS-A Questionnaire 
This questionnaire is designed to assess your beliefs about science. There are no right or wrong answers to any 
of the questions, and your grade will not be affected by how you answer. Please carefully read each question and 
place your answer in the space provided. If you need extra space, feel free to write on the back of each page. Be 
sure to use examples to explain/defend each of your answers. 
 
 
1. After scientists have developed a theory (e.g., atomic theory), does the theory ever change? If you 
believe that theories do change, explain why we bother to learn about theories. Defend your answer with 
examples. 
 
2. What does an atom look like? How do scientists know that an atom looks like what you have described 
or drawn? 
 
3. Is there a difference between a scientific theory and a scientific law? Give an example to illustrate your 
answer. 
 
4. How are science and art similar? How are they different? 
 
5. Scientists perform scientific experiments/investigations when trying to solve problems. Do 
scientists use their creativity and imagination when doing these experiments/investigations? 
 
6. Is there a difference between scientific knowledge and opinion? Give an example to illustrate your 
answer. 
 
7. Some astrophysicists believe that the universe is expanding while others believe that it is shrinking; still 
others believe that the universe is in a static state without any expansion or shrinkage. How are these 
different conclusions possible if all of these scientists are looking at the same experiments and data? 
 
Reference  
Lederman, N. G., & O’Malley, M. (1990). Students’ perceptions of tentativeness in science: Development, use, and 
sources of change. Science Education, 74, 225‒239. 
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Appendix C: VNOS-B Questionnaire 
Instructions: Answer the following questions, using the back of the page if you need more space. Please note that 
there are no right or wrong answers to these questions. I am simply interested in your views of a number of issues 
about science. 
 
1. After scientists have developed a theory (e.g., atomic theory, kinetic molecular theory, cell theory), does 
the theory ever change? If you believe that scientific theories do not change, explain why and defend 
your answer with examples. If you believe that theories do change: (a) Explain why. (b) Explain why we 
bother to teach and learn scientific theories. Defend your answer with examples. 
 
2. Science textbooks often represent the atom as a central nucleus composed of positively charged particles 
(protons) and neutral particles (neutrons) with negatively charged particles (electrons) orbiting the 
nucleus. How certain are scientists about the structure of the atom? What specific evidence do you think 
scientists used to determine the structure of the atom? 
 
3. Is there a difference between a scientific theory and a scientific law? Give an example to illustrate your 
answer. 
 
4. How are science and art similar? How are they different? 
 
5. Scientists perform experiments/investigations when trying to solve problems. Other than in the stage of 
planning and design, do scientists use their creativity and imagination in the process of performing 
these experiments/investigations? Please explain your answer and provide appropriate examples. 
 
6. In the recent past, astronomers differed greatly in their predictions of the ultimate fate of the universe. 
Some astronomers believed that the universe is expanding while others believed that it is shrinking, still 
others believed that the universe is in a static state without any expansion or shrinkage. How were these 
different conclusions possible if the astronomers were all looking at the same experiments and data? 
 
References  
Abd-El-Khalick, F., Bell, R. L., & Lederman, N. G. (1998). The nature of science and instructional practice: Making 
the unnatural natural. Science Education, 82(4), 417‒437. 
 
Bell, R. L. (1999). Understandings of the nature of science and decision making on science and technology based 
issues (Unpublished doctoral dissertation). Oregon State University, Corvallis. 
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Appendix D. VNOS-C Questionnaire 
Instructions: Please answer each of the following questions. Include relevant examples whenever possible. You can 
use the back of a page if you need more space. There are no right or wrong answers to the following questions. We 
are only interested in your opinion on a number of issues about science. 
 
1. What, in your view, is science? What makes science (or a scientific discipline such as physics, 
biology, etc.) different from other disciplines of inquiry (e.g., religion, philosophy)? 
 
2. What is an experiment? 
 
3. Does the development of scientific knowledge require experiments? 
• If yes, explain why. Give an example to defend your position. 
• If no, explain why. Give an example to defend your position. 
 
4. Science textbooks often represent the atom as a central nucleus composed of protons (positively 
charged particles) and neutrons (neutral particles) with electrons (negatively charged particles) orbiting 
that nucleus. How certain are scientists about the structure of the atom? What specific evidence, or 
types of evidence, do you think scientists used to determine what an atom looks like? 
 
5. Is there a difference between a scientific theory and a scientific law? Illustrate your answer with 
an example. 
 
6. After scientists have developed a scientific theory (e.g., atomic theory, evolution theory), does the theory 
ever change? 
• If you believe that scientific theories do not change, explain why. Defend your answer with 
examples. 
• If you believe that scientific theories do change: 
(a) Explain why theories change? 
(b) Explain why we bother to learn scientific theories.  
(c) Defend your answer with examples. 
 
7. Science textbooks often define a species as a group of organisms that share similar characteristics 
and can interbreed with one another to produce fertile offspring. How certain are scientists about 
their characterization of what a species is? What specific evidence do you think scientists used to 
determine what a species is? 
 
8. Scientists perform experiments/investigations when trying to find answers to the questions they put forth. 
Do scientists use their creativity and imagination during their investigations? 
 
• If yes, then at which stages of the investigations do you believe that scientists use their 
imagination and creativity: planning and design; data collection; after data collection? Please 
explain why scientists use imagination and creativity. Provide examples if appropriate. 
• If you believe that scientists do not use imagination and creativity, please explain why. Provide 
examples if appropriate. 
 
9. It is believed that about 65 million years ago the dinosaurs became extinct. Of the hypotheses formulated 
by scientists to explain the extinction, two enjoy wide support. The first, formulated by one group of 
scientists, suggests that a huge meteorite hit the Earth 65 million years ago and led to a series of events 
that caused the extinction. The second hypothesis, formulated by another group of scientists, suggests that 
massive and violent volcanic eruptions were responsible for the extinction. How are these different 
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conclusions possible if scientists in both groups have access to and use the same set of data to derive 
their conclusions? 
 
10. Some claim that science is infused with social and cultural values. That is, science reflects the social and 
political values, philosophical assumptions, and intellectual norms of the culture in which it is practiced. 
Others claim that science is universal. That is, science transcends national and cultural boundaries and is 
not affected by social, political, and philosophical values, and intellectual norms of the culture in which it 
is practiced. 
 
• If you believe that science reflects social and cultural values, explain why and how. Defend your 
answer with examples. 
 
• If you believe that science is universal, explain why and how. Defend your answer with examples. 
 
Reference 
 
Abd-El-Khalick, F. (1998). The influence of history of science courses on students’ conceptions of the nature of 
science (Unpublished doctoral dissertation). Oregon State University, Corvallis. 
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Appendix E: VNOS-270 Questionnaire 
Instructions: You have had years of experiences with science, in the classroom and in real life. This survey asks you 
to think about science and describe your ideas. There are no right or wrong answers, as these are simply your ideas 
at this time. Please respond as completely as you can. You can use as much space as you need. Some questions have 
more than one part. Please make sure you write your answers to each part. This survey is NOT an evaluation of you. 
You will not be graded or judged based on your answers.  
 
1.  What, in your view, is science? How can you determine when something is science (such as biology or 
physics) and when something is not science (such as religion or philosophy)? 
 
2.  How are science and art similar? How are they different? 
 
3.  Scientists agree that about 65 millions of years ago the dinosaurs became extinct. However, scientists still 
disagree about what caused this extinction. 
(a) Why do you think they disagree even though they all have the same information? 
 (b) Do you think this controversy could be resolved? If so, how? If not, why not? 
 (c) How do you think scientists know how dinosaurs looked and moved? 
 
4.  There are many types of phenomena (past, present, and future) that scientists study, but cannot see. For 
example, scientists have never seen dark matter, the center of the Earth, or into the nucleus of an atom. Yet 
many scientists use their understanding of these phenomena to do research. 
(a) If they have never seen these things, what kind of information do scientists use to figure out these things 
exist or what they look like? 
(b) Should we, as a public, accept scientists’ explanations or descriptions of things they have not seen? 
Why or why not? 
 
5.  Scientists try to find answers to their questions by doing investigations. Do you think that scientists use 
their imagination and creativity in their investigations? 
(a) If you think YES, explain why and in what part of their investigations (planning, analysis of data, 
interpretation, etc.) you think they use their imagination & creativity.  
(b) If you think NO, explain why imagination & creativity are not part of science. 
 
6.  (a) What do you think is the difference between a scientific theory and a scientific law? 
A scientific theory is…. 
A scientific law is…. 
(b) Give an example of a scientific theory and an example of a scientific law 
Example of a Scientific Theory: This is a theory because…. 
Example of a Scientific Law: This is a law because….. 
(c) Do you think scientific theories we have today will change in the future? Why or why not?  
(d) Do you think scientific laws we have today will change in the future? Why or why not? 
 
Reference 
Mesci, G., & Schwartz, R. S. (2016). Changing preservice science teachers’ views of nature of science: Why some 
conceptions may be more easily altered than others. Research in Science Education, 1‒23. 
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Appendix F: Modified VNOS-270 Questionnaire 
Instructions: This survey asks you to think about science and describe your ideas. There are no right or wrong 
answers because these are simply your ideas at this time. Please respond as completely as you can. You can use as 
much space as you need. Some questions have more than one part. Please make sure you write your answers to each 
part. This survey is NOT an evaluation of you. You will not be judged on your answers.  
 
1.  What, in your view, is science? What makes science (or a scientific discipline such as physics, biology, etc.) 
different from other disciplines of inquiry (e.g., religion, philosophy)? 
 
2.  How are science and art similar? How are they different? 
 
3.  What is an experiment? 
 
4.  Does the development of scientific knowledge require experiments? 
If yes, explain why. Give an example to defend your position. 
If no, explain why. Give an example to defend your position. 
 
5.  Scientists try to find answers to their questions by doing investigations. Do you think that scientists use their 
imagination and creativity in their investigations? 
(a) If you think YES, explain why and in what part of their investigations (planning, analysis of data, 
interpretation, etc.) you think they use their imagination & creativity  
(b) If you think NO, explain why imagination & creativity are not part of science 
 
6.  (a) What do you think is the difference between a scientific theory and a scientific law? 
A scientific theory is…. 
A scientific law is…. 
(b) Give an example of a scientific theory and an example of a scientific law 
Example of a Scientific Theory: This is a theory because…. 
Example of a Scientific Law: This is a law because….. 
(c) Do you think scientific theories we have today will change in the future? Why or why not?  
(d) Do you think scientific laws we have today will change in the future? Why or why not? 
 
7.  Scientists agree that about 65 millions of years ago the dinosaurs became extinct. However, scientists still 
disagree about what caused this extinction. 
(a) Why do you think they disagree even though they all have the same information? 
(b) Do you think this controversy could be resolved? If so, how? If not, why not? 
(c) How do you think scientists know how dinosaurs looked and moved? 
 
8.  There are many types of phenomena (past, present, and future) that scientists study, but cannot see. For 
example, scientists have never seen dark matter, the center of the Earth, or into the nucleus of an atom. Yet 
many scientists use their understanding of these phenomena to do research. 
(a) If they have never seen these things, what kind of information do scientists use to figure out these things 
exist or what they look like? 
(b) Should we, as a public, accept scientists’ explanations or descriptions of things they have not seen? 
Why or why not? 
 
9.  Some claim that science is infused with social and cultural values. That is, science reflects the social and 
political values, philosophical assumptions, and intellectual norms of the culture in which it is practiced. 
Others claim that science is universal. That is, science transcends national and cultural boundaries and is not 
affected by social, political, and philosophical values, and intellectual norms of the culture in which it is 
practiced. 
(a) If you believe that science reflects social and cultural values, explain why and how. Defend your answer 
with examples. 
(b) If you believe that science is universal, explain why and how. Defend your answer with examples. 
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Appendix G: Email to Science Teachers 
Greetings Science Educators,  
 
I am Justin Spurley, a doctoral student at Georgia State University and fellow science educator. I 
will conduct a study on science teachers’ understanding of nature of science and culturally 
relevant pedagogy for my research, and request your participation in this project. Participation is 
completely voluntary and your personal information will be kept confidential. If you are 
interested and/or have any questions, please reply to jspurley@student.gsu.edu 
 
Thank you for your time,  
 
Justin J. Spurley 
Georgia State University 
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Appendix H: Informed Consent Form 
Georgia State University 
Department of Middle-Secondary Education 
Informed Consent Form 
 
Purpose of Research: The purpose of this study is to explore the variation in how urban secondary science teachers 
understand nature of science and culturally relevant pedagogy.  
 
Procedures: For this study, I will collect the following data: (a) Responses given on the View of Nature of Science 
Questionnaire (VNOS-270). Participants will be emailed a copy of the VNOS-270 questionnaire and asked to 
complete and send it back to the student P. I., (b) two interviews, lasting no more than 60 minutes each. Mr. Justin J. 
Spurley will conduct all interviews and will use audio recordings for each interview. The first interview will follow 
the completion of the VNOS-270 questionnaire and will take place at a convenient time and place for both the 
researcher and participant. The second interview will also take place at a convenient time and place for both the 
researcher and participant.  
 
Risks: In this study, you will not have any more risks than you would in a normal day of life.  
 
Benefits: Participation in this study may not benefit you personally. However, with your responses, we hope to gain 
information that will be useful for teacher preparation programs and professional development programs in the 
preparation of future urban secondary science teachers.  
 
Voluntary Participation and Withdrawal: Participation in this research is voluntary. You do not have to be in this 
study. If you decide to be in the study and change your mind, you have the right to drop out at any time.  
 
Confidentiality: We will keep your records private to the extent allowed by law. Dr. Renee’ Schwartz and Justin 
Spurley will have access to the information you provide. Information may also be shared with those who make sure 
the study is done correctly (GSU Institutional Review Board, the Office for Human Research Protection. We will 
use pseudonyms that replace your names on study documents. The written/typed VNOS questionnaires and 
accompanying printed transcriptions of interviews will be kept secured in a locked desk in Justin Spurley’s home 
office. Transcriptions will be stored electronically in password –and firewall–protected computers. Transcriptions 
will be uploaded to Dedoose, a web-based analysis program. The user account will be password protected and 
additional encryption will be purchased to protect all uploaded data files. For 5 years, Justin Spurley will keep the 
audio recordings. Your name and other facts that might point to you will not appear when we present this study or 
publish its results. The findings will be summarized and reported in the aggregate. You will not be identified 
personally. 
 
Contact Persons: Contact Dr. Reneé S. Schwartz at 404-413-8412 or rschwartz@gsu.edu  or Justin Spurley at 404-
454-3615 or jspurley@student.gsu.edu  if you have questions, concerns, or complaints about this study. You can 
also call if you think you have been harmed by the study. Call Susan Vogtner in the Georgia State University Office 
of Research Integrity at 404-413-3513 or svogtner1@gsu.edu if you want to talk to someone who is not part of the 
study team. You can talk about questions, concerns, offer input, obtain information, or suggestions about the study. 
You can also call Susan Vogtner if you have questions or concerns about your rights in this study. 
 
Copy of Consent Form to Participant: We will give you a copy of this consent form to keep. If you are willing to 
volunteer for this research, please sign below.  
 
 
   
  
Participant                         Date 
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Principal Investigator or Researcher  Date 
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Appendix I: Demographic Questionnaire 
1.  Name: ______________________________________________ 
 
2.  Phone number: ________________________ 
 
3.  E-mail address: ______________________________________________________________ 
(Phone number and/or e-mail address will only be used to contact you for a follow-up interview, should it be 
necessary.) 
 
4. Gender (circle one): 
Female 
Male 
 
5.  Age: __________ 
 
6.  Total years of teaching experience (including this year): ____________ 
 
7.  Have you taught in a context different from the one in which you are currently teaching? If so, please describe 
the teaching contexts below and the years of experience you have in each context.  
1. ________________________________________________________________________ 
2. ________________________________________________________________________ 
3. ________________________________________________________________________ 
 
8.  What subjects have you taught in your career? How long have you taught those subjects? (This includes 
subjects you are currently teaching and any other subject you have ever taught during your teaching career). For 
each different subject you have taught, please list the subject and the number of years that you have taught that 
subject. 
 
1. Subject taught: ___________________ Total years teaching this subject: ______ 
2. Subject taught: ___________________ Total years teaching this subject: ______ 
3. Subject taught: ___________________ Total years teaching this subject: ______ 
4. Subject taught: ___________________ Total years teaching this subject: ______ 
5. Subject taught: ___________________ Total years teaching this subject: ______ 
6. Subject taught: ___________________ Total years teaching this subject: ______ 
 
9.  Undergraduate and graduate degree and major(s) (please list): 
1. _________________________________________________ 
2. _________________________________________________ 
3. _________________________________________________ 
4. _________________________________________________ 
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Appendix J: Culturally Relevant Pedagogy Protocol 
1. Tell me something about your background. When and where were you educated? When and where did you 
begin teaching? 
 
2.  How would you describe your philosophy of teaching? What do you believe works? 
 
3.  Can you think of any characteristics that African American youngsters as a group bring to the classroom? 
 
4.  What kinds of things have you done in the classrooms that have facilitated the academic success of African 
American students? 
 
5.  How much of what you know about teaching African American children did you learn as a result of teacher 
training, either preservice or inservice? 
 
6.  If you could revamp teacher education so that teachers would be more effective with African American 
students, what changes would you make? 
 
7.  What kind of role do you believe parents play in the success of African American students? How would 
you describe the kinds of relationships you have had with parents of students you’ve taught? 
 
8.  How do you handle discipline? Are there special things that teachers of African American students should 
know about discipline? 
 
9.  How do you handle the possible mismatch between what you want to teach and what you have to teach 
with (for example, materials or supplies)? 
 
10. How do you handle the possible mismatch between what you want to teach and what the administration 
(building administration or district superintendent) wants you to teach (for example, curricular mandates, 
philosophies)? 
11. How do you think the schooling experience of the students you teach differs from that of White students in 
middle-class communities? 
 
Reference 
 
Ladson-Billings, G. (1994/2009). The dreamkeepers: Successful teachers of African American children. San 
Francisco, CA: Jossey-Bass. 
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Appendix K: Modified Protocol for Culturally Relevant Pedagogy 
Introduction: Thank you for agreeing to participate in this project. I hope that by participating, you will reflect on 
your understanding of the role of culture in science instruction. Additionally, you will help me immensely in this 
project. I have just a few questions about the role of culture in science instruction to ask you and it is my hope that 
we can just have a conversation so feel free to elaborate on questions when necessary, even if I don’t ask. Just as a 
reminder, there are no right or wrong responses to any of these questions. I’ll be taping the conversation because we 
may be talking faster than I can take notes. Are you ready to get started? 
 
1.  Tell me something about your background. When and where were you educated? When and where did you 
begin teaching? 
 
2.  How would you describe your philosophy of teaching? What do you believe works? *All three categories 
 
3.  What is your understanding of the term ‘urban’? What comes to mind when you hear ‘students in urban 
setting’? 
 
4.  Can you think of any characteristics that urban students as a group bring to the classroom? *Self and 
Others 
 
5.  What kinds of things have you done in the classrooms that have facilitated the academic success of students 
in urban contexts? *Social Relations 
 
6.  How much of what you know about teaching urban students did you learn as a result of teacher training, 
either preservice or inservice? *Self and Others 
 
7.  If you could revamp teacher education so that teachers would be more effective with students in urban 
contexts, what changes would you make? *Self and Others 
 
8.  What kind of role do you believe parents play in the success of students in urban contexts? How would you 
describe the kinds of relationships you have had with parents of students you’ve taught? *Social Relations 
 
9.  How do you handle discipline? Are there special things that teachers of students in urban contexts should 
know about discipline? *Social Relations 
 
10.  How do you handle the possible mismatch between what you want to teach and what you have to teach 
with (for example, materials or supplies)? *Knowledge 
 
11.  How do you handle the possible mismatch between what you want to teach and what the administration 
(building administration or district superintendent) wants you to teach (for example, curricular mandates, 
philosophies)? *Knowledge 
12.  How do you think the schooling experience of the students you teach differs from that of students in other 
communities?   
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Appendix L: VNOS Follow-up Protocol 
Introduction: Thank you for agreeing to participate in this project. I hope that by participating in this project, you 
will reflect on your understanding of NOS and the role of culture in science instruction. Additionally, you will help 
me immensely in this project. I have just a few questions about NOS to ask you. Feel free to elaborate on questions 
when necessary, even if I don’t ask. Just as a reminder, there are no right or wrong answers to any of these 
questions. I’ll be taping the conversation because we may be talking faster than I can take notes. Are you ready to 
get started? 
 
1.  What do you think are the most important things to emphasize in your teaching? Why? 
 
2. What, in your view, is science? What makes science (or a scientific discipline such as physics, biology, 
etc…) different from other disciplines of inquiry (e.g., religion, philosophy)? 
 
At this point, participants are provided their VNOS questionnaires, will be asked to familiarize themselves 
with their earlier responses, and to comment on and clarify these responses 
 
1. Could you read your response to question # 1 (2-10) and explain and elaborate on your 
response? 
2. What did you mean by [response, written or verbal]? 
3. Could you give an example of what you meant by [response, written or verbal]? 
4. How does your response on # X relate to what you said on # Y? 
5. Have your views changed since you wrote your response? If so, how? 
 
3.  Do you think that teaching NOS is important? Why? or Why not? 
 
4.  Do you teach NOS? If yes, how? Why do you teach it in that particular way? (If not, why?) 
 
References 
 
Abd-El-Khalick, F., Bell, R. L., & Lederman, N. G. (1998). The nature of science and instructional practice: Making 
the unnatural natural. Science Education, 82(4), 417‒436. 
 
Lederman, N. G., Abd‐El‐Khalick, F., Bell, R. L., & Schwartz, R. S. (2002). Views of nature of science 
questionnaire: Toward valid and meaningful assessment of learners’ conceptions of nature of science. 
Journal of Research in Science Teaching, 39(6), 497‒521.  
 
 
